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PREFACE TO SECOND EDITION 


Thb response of the public to this work has been gratifying. 
Evidently there are numbers of people who find a need fi>r 
mathematics in an applied practical form and who require belli 
in. the calculations that are fundamental to nearly every trade 
and occupation. This enlarged edition should fill this need to a 
larger extent and should prove of even peater service. 

In the two years since publication of the first edition several 
printings have been necessary and in each printing numerous cor¬ 
rections, clmnges, and additions were made. In the second edition 
these revisions became so great that certain chapters were almost 
completely rewritten and a great quantity of new material was 
added. 

New treatment has been given to the old contents or extensive 
additions have been made in nearly all of the major sections. The 
addition of rules and problems relating to the speed of pulleys and 
gears, together with more slide rule applications, W greatly 
increased the usefulness of the arithmetical work. Weights and 
measures have been completely revised and the subject of strength 
of materials has been combined with the chapter on mechanics. 
The chapters on machine shop practice and sheet metal work have 
been rewritten and increased in size, and now include many sub¬ 
jects which were omitted in the first edition. Radio problems, in 
a small but comprehensive chapter, have been added and necessary 
changes in the chapter on business mathematics have brought this 
subject up to date. 

Of the new tables added the following are of especial impor¬ 
tance: moments of inertia, section modulus, etc.; plain and differ¬ 
ential indexing; pitches and angles for cutting spirals; fiat and 
standing seams; common window glass in boxes; quantity of wall 
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papet required for various sized rooms; average characteristics 
of vacuum tubes. 

Mr. Peter Agnew, A.M., instructor in business education, 
New York University, has revised and enlarged the chapter on 
business mathematics. Mr. David E. Brownman, C.E., and 
Mr. Paul Sampson, E.E., have checked sections of which they 
have particular knowledge. 

Hebbbbt D. Habfbr. 

Nbw York, January, 103ft. 



PREFACE 


This book has been prepared to demonstrate how readily 
mathematics lends itself to the solution of practical problems. 
While it does not illustrate every type of problem, it seeks to 
develop logical reasoning which, if proj^rly cultivated, will enable 
the reader to analyze his own problems and arrive at their solution 
by the most direct method. It is also a reference book with a 
wealth of specific information on many subjects. Whether the 
book is used for reference or as a text for self-instruction, the reader 
is urged to read the Introduction with some care for it contains the 
key to the handling of mathematical problems. 

In preparing this book the author has had the privilege of 
drawing freely upon the experiences of many persons, manu¬ 
facturers, technical societies and trade associations. To these 
he extends profound thanks. He also owes a deep debt of grati¬ 
tude to Mr. Carey W. O’Nan, C.P.A., of Philadelphia, who con¬ 
tributed the entire section on Accounting, and to Mr. L. W. 
Geisler, Jr., public utilities engineer of Plainfield, New Jersey, 
whose criticisms and advice on the Electricity section were 
invaluable. Lastly, he owes much to the small group of assoc¬ 
iates who have encouraged and inspired him in his work and who 
have given material help in the preparation of the manuscript. 

The author has tried to give credit in the text for information 
taken from other published works and sincerely hopes that no 
such credit has been overlooked. He is greatly indebted to 
Messrs. Joseph H. Brahdy, Elmer E. Burns, Paul V. Farnsworth, 
Alfred B. Grayshon, Her^rt D. Harper, Samuel Landsman, Carl 
L. Svensen, and Edgar G. Shelton, whose works, published by the 
D. Van Nostrand Company, Inc., have been freely drawn upon. 
The most careful checking usually fails to prevent small errors 
from creeping into a work of this size. The author and the pub¬ 
lishers will be grateful for having such errors called to their 
attention. 

M.E.J. 

SUNNTBIDIB, L. I., N. y. 

November, 1933 vil 
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HANDBOOK OF APPLIED 
MATHEMATICS 

I 

INTRODUCTION 
HOW TO USE THIS BOOK 

Mathematics is a sharp tool in the hands of one who knows 
how to use it, but an ineffectual instrument to one who does not 
understand its principles and range of applications. Fortunately, 
there is no mystery or legerdemain connected with mathematics. 
It shares with other tools the characteristic that proficiency in its 
use is achieved by practice. 

This book has a twofold purpose. First, it illustrates the 
application of mathematics to a wide range of practical problems 
by the use of fully solved illustrative examples. Second, it 
presents in typically handbook form a great number of tables of 
useful data whi.^h will make the book a handy reference for the 
man who applies mathematics to his own problems. 

The first section of this book consists of a brief review of the 
operations of arithmetic, algebra, geometry and trigonometry. 
The description of the principles behind these operations is left 
to more specialized books. If one has not been a constant user 
of mathematics, he will do well to read this section carefully, 
since it contains the key to the subsequent applications. 

The remainder of the book is divided into sections each cover¬ 
ing some special trade or art, such as carpentry, electricity, 
machine-shop work, etc. Each of these sections has been made to 
cover the subject with a logical development from the elementary 
to the more complex. If then, for example, an electrical worker 
wishes to study the applications of mathematics to his entire 

1 
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field of work, he can do no better than to start at the beginning 
of the electrical section and follow it through to its conclusion. 
On the other hand, the man who is interested in the solution of a 
specific problem will find the index the best guide to the section 
dealing with this or a similar problem. Liberal use of the index 
is recommended because some subjects are covered in widely 
separated parts; for example, roofing occurs in both the carpentry 
and sheet metal sections. 

Any man who operates an automobile or a machine of any 
kind, knows that it is to his advantage to “know what it can do” 
when operating under various conditions. Similarly, this book 
will increase in reference value to the man who knows what 
information it contains and where it is located. No man can 
carry a great amount of statistical information in his head, and, 
more important than knowing facts, is knowing where to find 
facts quickly. 

The first step in solving a problem by any method is to picture 
the problem in its entirety and determine in what terms the final 
result is desired. This is particularly true in mathematics. The 
final result must be kept constantly in mind or energy may be 
needlessly expended in arriving at unnecessary partial results. 

Having determined what is wanted in the W'iy of a solution, 
the next step is to examine the data from which the problem is to 
be solved. Perhaps this is not sufficiently complete. Then it 
must be supplemented by information contained in this book or 
obtained from some other source, or the solution must proceed 
based on assumptions. 

Simple problems may be solved most conveniently by setting 
them up as one expression. As an illustration, consider the 
piroblem of finding the distance which a train will travel in 2| hours 
when runniiig at an average speed of 36 miles per hour. If we 
let S represent the speed, t the time, and D the distance, then 

D = SXt 

The problem is now completely set up and all that is required 
to find the answer is to substitute the correct values and perform 
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the indicated operations. ‘'Correct values implies proper units. 
We may then substitute as follows: 


D = /S X i = 36 X 2J == 81 miles. 


This example illustrates another very important principle in 
the use of mathematics. That is, if a problem is set up as above, 
how will one know in what units the answer will result? This is 
simple, because the unit designations may be cancelled, raised 
to powers or have their roots extracted in a manner similar to the 
operations performed on numbers. Thus, if we are finding the 
length of a surface whose area is 136 square inches and whose 


136 

breadth is 8 inches, we may write. Length = — = 17. To find 

o 

the units of the answer we may set up the units as we did the 


in.*^ 

numerical problem. Thus we have, Length == — or 

in. 


in. X ia: 

irr. 

Cancelling “in/Mn both the numerator and the denominator, the 
answer is in inches. 

In these considerations the word “per’' has the same signifi¬ 
cance as the bar or line of a decimal. In fact, “miles per hour” 
may be written, “miles/hour.” Then, in the previous illustra- 

, _ ^ _ miles _ __ 

tion, when D — S X t, we may write D = ;-X hour. The 

hour 


hours cancel and the answer is in miles. 

More involved problems and particularly those requiring the 
addition of many parts, can best be solved by attacking them 
step by step. Thus, in estimating the quantities of material 
required for a building construction job, it is necessary to compute 
the separate quantities required for the various parts of the 
building and then find the sum of these quantities for the final 
result. 

Once a problem has been set up and the steps and operations 
determined, the processes of multiplication and division and the 
finding of powers, roots and reciprocals of numbers may proceed 
by any one of several methods. They may be performed by 



4 


HANDBOOK OF APPLIED MATHEMATICS 


arithmetic, by a^bra, by the use of tables, by logarithms, by 
the logarithmic slide rule, or by a computing machine. 

This book does not attempt to dictate which method should 
be used, but generally shows the problem set up for arithmetical 
solution with the understanding that the reader will select the 
method which he can handle most readily and which is most 
suitable for his particular problem. Arithmetical solution is the 
longest process, except for simple calculations, and the practical 
man will do yrell to acquaint himself with other shorter methods 
and the tjrpes of problems to which they are most applicable. 

Logarithms may be used most effectively when a problem calls 
for the multiplication or division or the handling of roots and 
powers of several factors. Thus, the operations indicated by 
(25.136)2 X 728 X 1728 X 0.005679 

- 33 ^^ ^ -may be performed loganth- 

mically with greater ease than by any other method. Logarithms 
are also particularly adapted to the extraction of roots. Thus, 
«/838.75 
> 0.658 


solving 


is a very simple matter with this method. If, 


however, the addition and subtraction of a number of terms is 
interposed in an expression also involving multiplication and 
division, the use of logarithms may not be a time-saver. For 
example, the operations indicated by 


0.125 X 367 -f 36.25 X 450.3 -f 0.825 X 380 
750 X 45.38 


are a border case, since the finding of the anti-logarithms to 
perform the additions may consume more than the time saved 
by performing the multiplications by logarithms. The use of 
logarithms is recommended whenever the multiplication or divi¬ 
sion of trigonometric functions is involved. Thus, in solving 

252.67 X cos 67® 36', 

the logarithm of the cosine of 67® 36' may be found from the tables 
with no more effort than would be required in finding the cosine 
itself. 
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The ordinary slide rule is a convenient instrument for multiply¬ 
ing and dividing when accuracy to greater than three significant 
figures is not a matter of great concern. Calculations may be 
made very rapidly with a slide rule and it is of great value in 
making rough estimates and checking results. It is not to be 
assumed from these remarks that a slide rule is a crude instrument 
and inherently inaccurate. This is not true, but it is rather a 
case of the inability of the human eye to evaluate the relative 
lengths of short distances with greater accuracy which limits its 
usefulness. 

Computing machines have come into considerable favor in 
many ofiices and where one is available it will pay a man to learn 
how to perform the various operations on it. One of their particu¬ 
lar merits is that addition and subtraction may be performed on 
them as well as multiplication, division, raising to powers and 
extracting square root. When computing machines are used to 
compute quantities which must be checked by another person 
within very narrow limits of discrepancy, as when computing 
certain land measurements, it is necessary to record all of the 
figures which appear on the machine, no matter if this results in 
nine or ten decimal places; and also to decide on a convention as 
to whether the nearest even or the nearest odd number should be 
recorded when the last figure of an eliminated decimal is 5. 

As with the use of many other tools, the application of a liberal 
amount of common sense is necessary with the \ise of mathe¬ 
matics. Thus, it would be foolish to compute to the nearest 
cubic foot the quantity of sand required for a job, when sand is 
sold by five-ton truckloads. Also it would be wasted effort to 
measure farm land worth $50.00 an acre with the same care as 
would be used in measuring city property worth thousands of 
dollars an acre. 

The illustrations of the last paragraph indicate that there is 
an economic reason for the use of mathematics. Such is the csse. 
Correct application of mathematics lea.ds to accuracy, accuracy 
results in less waste and fewer rejections, hence a higher return 
for work done. 
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There is another field of applied mathematics which is not 
governed by economic considerations. That is the calculation 
of the strength, proportions, or security of machinery or struc¬ 
tures on which the safety of life and property depend. Here not 
only must the most care be exercised, but computations must be 
checked by responsible persons and should then be preserved in 
legible form. In the event of disaster, a court of inquiry to fix 
responsibility will ask, *^Was accepted practice followed; and 
was due diligence exercised in arriving at results?Accurate 
and well-preserved computations may be a big aid in establishing 
afiSrmative answers to these questions. 

One of the points in dealing with figures at which common 
sense comes into greatest play is in the evaluation of the true 
accuracy of figures. ‘‘Figures do not lie/’ is a common expression 
but not always a true one. 

Let us illustrate with an example. Suppose a piece of lumber 
is measured with a carpenter’s rule and is found to be 3f inches 
wide and If inches thick. Changing these figures to decimals, 
as is common in performing computations, they become 3.375 
inches and 1.625 inches, respectively. Now, if we want to obtain 
the cross-sectional area of this piece of lumber, we multiply the 
breadth of the board by the thickness and obtain 3.375 X 1.625 = 
5.484375 square inches. Many of the figures of this decimal have 
no significance and the retention of the right number of figures 
requires the exercise of judgment and a knowledge of the accuracy 
with which the measurements were made and the purpose for 
which the figures are to be used. In the illustration we were 
told that the wood was measured with a carpenter’s rule and 
presumably only to the nearest ^ inch. Then, it will be 
entirely accurate to state that the cross-sectional area is 5f 
square inches. 

To be precise the preceding problem would be written 3.375 X 
1.625 = 6.484375, the number of square inches. However, in 
practical problems correct mathematical notation is usually dis¬ 
regarded for the sake of brevity. Throughout this work the 
answers are given in units which, theoretically, would not result 
from operations with abstract numbers. 
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The units of a dimension often indicate the degree of accuracy. 
Thus, if we are told without further qualification that a man is 
6 feet 8 inches or 68 inches tall we know that he is between 67J 
inches and 68| inches tall. In other words, his height has been 
measured or estimated to the nearest one-half inch and we have 
no right to assume a more exact measurement. However, if we 
are told that he is 68A inches tall we. know that his height has 
been measured to the nearest ^ inch and that the actual height 
is between 68^^ and 68^ inches. 

When dimensions are stated in decimals, the decimal is an 
index of its accuracy. Thus, if we are told that a bolt is 0.318 
inch in diameter we can feel reasonably sure that the measure¬ 
ment is correct to the nearest half of a thousandth of an inch or 
to 0.0005 inch. This would indicate that the measurement had 
been made with a micrometer caliper. However, if the diameter 
is given as 0.325 inch, the 5 in the last place raises a question as 
to whether the measurement was actually made to thousandths 
or to half-hundredths or to quarter-tenths. As a matter of fact, 
vernier calipers would give such a measurement since they are 
usually graduated to spaces 0.025 inch long. 

It is equally important that the final results of a problem be 
expressed in rational practical units. Thus, quantities of lumber 
should be given in board feet or thousand board feet, cement in 
barrels, sand and gravel in cubic yards, etc. This does not imply 
that it is not perfectly proper to deal with fractional quantities 
during the course of the solution of a problem. This is par¬ 
ticularly true when arriving at unit quantities. For instance, we 
may state that the quantities of materials required for one cubic 
yard of concrete are: 0.61 bbl. cement, 7.32 cu. ft. sand, 10.93 cu. 
ft. stone. These are unit quantities, but after being multiplied 
by the number of cubic yards of concrete to be made, the quantity 
of cement should be given to the next nearest whole barrel and 
the quantities of aggregates to the next nearest whole cubic yai^ 

These brief remarks indicate that clear logical thinking is a 
necessary adjunct to the use of mathematics. It may be added 
that nothing stimulates such mental procedure more than does 
mathematics and hence its use will result in many indirect benefits. 
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ARITHMETIC 

Definitions.—Arithmetic is the science and application of 
numbers. Numbers are said to be concrete when they apply to 
things, objects, or quantities (examples, 12 bolts, 8 bricks, and 25 
watts) and abstract when they do not so apply (examples, 12, 8, 
and 25). 

The four fundamental operations of mathematics are addi¬ 
tion, subtraction, multiplication and division; all necessary in 
performing calculations. A proposition is a statement set forth 
either with or without demonstration. It may be (1) an 
axiom, or self-evident truth, without demonstration; (2) a 
theorem, or truth by demonstration; (3) a problem, or ques¬ 
tion for solution; (4) an hypothesis, or tentative or preliminary 
proposition. 

Signs and Symbols Used in Arithmetic.—Mathematical opera¬ 
tions are largely indicated by signs and symbols. Thus + placed 
between two numbers means that they are to be added and X 
between two numbers means that they are to be multiplied by 
each other. 

The common mathematical symbols of arithmetic together 
with illustrations of their use are as follows: 

« Equals, sign of equality, is equal to, as 100 cents = 1 dollar 

+ Plus, sign of addition, as 3 -f 4 = 7; positive, as + J = + 0.5 

— Minus, sign of subtraction, as 4 — 1 = 3; negative, as 
—J — 0.5; contraction, as i = 0.17 — 

± Plus or minqs, as\/4 = ± 2 

8 
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X Times, multiplication sign, multiplied by, as 3 X 2 = 6 
•i- Divided by, division sign, as 8 2 = 4; also -f = 4; and 

8/2 = 4 

Therefore, hence, asif2 + 2 = 4.‘. 4 — 2 = 2 
Because 
. Decimal point 

: Is to, sign of division, in ratio as 3 : 6 
:: Formerly used in proportion for the equality sign as 2 : 3:: 
4 : 6 (read “2isto3as4isto6 ”), which means 2:3 = 
4 : 6 or ^ = ^ 

> Is greater than, as 4 > 3; reads “ 4 is greater than 3 ” 

< Is less than, as 3 < 4; reads “ 3 is less than 4 ” 

= Congruent sign, coincides with 
00 Infinity, as ^ = oc 

I Bar 1 Ips 3X4 + 3 = 3X7 = 21 

— Vinculum 3 X (4 + 3) = 3 X 7 = 21 

() Parentheses ► |«! a X (4 + 3)] = 2[3 X 7] = 42 

Brackets UU 4{2[5(7 + 3) + 8] + 6 

I J Brackets =. =4{2[50 + 8] + 6} 

} Braces J =4{116 + 6} = 488 


{ } Braces J =4{116 + 6} =488 

\/ Radical sign or square root, as Vo = 3 
Cube root 
nth root 

A squared or second power of a, as a X a 
a® A cubed or third power of a, as a X a X a 
o" nth power of a 

- Reciprocal value of n 
n 

T Pi = 3.1416 (more accurately 3.14159265359) 

Notation and Numeration.—^Notation is a system of repre¬ 
senting numbers by symbols while numeration is a system of 
naming or reading numbers. 
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There are two methods of notation in use, (1) the Roman 
and (2) the Arabic. The Roman has little use, the Arabic being 
the notation commonly used. 

Roman notation is a method of notation by letters, 

I V X L C D M 

1 5 10 50 100 500 1,000 

Repeating a letter repeats its value, i.e., I = 1, II = 2, III = 3. 

Placing a letter of less value before one of greater value 
diminishes the value of the greater by the lesser, i.e., 

IX = 9, XC = 90 

Placing the lesser after the greater increases the .value of the 
greater by that of the lesser, i.e., 

VIII = 8, XIV = 14, LXX = 70 

Placing a vinculum or horizontal line over a letter increases its 
value one thousand times, i.e.: 


V=5000, X= 10,000, M = 1,000,000 
Arabic method of notation uses ten characters or figures, i.e.: 
123 4567 8 90 

one two three four five six seven eight nine zero 

Numeration.—In the Arabic method of reading numbers, the 
value of numbers increases from left to right in a ten-fold ratio. 
The successive figures from right to left or from left to right are 
called orders of units, the value of any order being ten times the 
value of one of the order next to its right, and one-tenth the value 
of one of the order next to its left. 
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To read an integral number expressed in figures, begin at the right 
and separate the figures by commas into periods of three figures 
each. Then begin at the left and read each period as if it stood 
alone, adding the name of each period except the name of the 
period of units. 


Illustration: Read the number 49,586,75(^132. 

Forty-nine billion, five hundred eighty-six million, seven hundred 
fifty thousand, one hundred thirty-two. Note: The names 
beyond billions are in order: trillions, quadrillions, quintillions, 
sextillions, etc. 

Addition.—^Addition is the process of finding the sum of two 
or more numbers. To add several numbers, 
438 place the numbers in a vertical column with 

1273 units under units, tens under tens, hundreds 

46 under hundreds, etc. Then add the figures 

391 in the right-hand column (column of units) and 

2148 Ans. place the sum under this column. If there be 

Z2Z carried more than one figure in this sum write down 

only the right-hand one and ‘‘ carry ” the others 
to the next column to the left. Repeat until each column has 
been added. 
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The accuracy of the addition may be checked by writing the 
sums of the columns as shown below and adding 

Sum of column (1) 18 

Sum of column (2) 23 

Sum of column (3) 9 

Sum of column (4) 1 

Sum = 2148 

Subtraction.—Subtraction is the process of finding the differ¬ 
ence of two numbers by taking one number from another. 
Example: 15 — 7 = 8. The minuend is the number from which 
the other is to be taken (15 is the minuend in the example). The 
subtrahend is the number which is to be taken from the minuend 
(7 is the subtrahend in the example). The remainder is the number 
which remains after the subtrahend has been taken from the 
minuend (8 is the remainder in the example). 

In order to subtract two figures write the subtrahend under 
the minuend so that the units of one are under the units of the 
other, tens under tens, etc. Take the figure in the subtrahend 
from the corresponding figure in the minuend and write the 
remainder directly underneath as follows: 

Minuend: 56387 

Subtrahend:—12265 

Remainder: 44122 

If, however, the figure in the subtrahend is larger than the 
figure directly above it, it is necessary to borrow one unit from the 
next figure to the left. This is illustrated in the following operar 
tion: 

4 8 

Minuend 4 0 ^3 9 ^6 

Subtrahend —2 4 7 5 8 

Remainder 2 0 6 3 8 

A subtraction may be checked by adding the subtrahend to 



ARITHMETIC 


13 


the remainder. This sum should always equal the minuend. 
The following example illustrates this operation: 

Minuend 6356 

Subtrahend —1728 


Remainder 4628 

Subtrahend -*-1728 

Minuend 6366 (Check) 


Multiplication.—Multiplication is the process of taking or 
increasing one number a certain number of times and the result 
is called the product. The number which is multiplied or taken a 
certain number of times is called the multiplicand and the number 
by which it is multiplied is the multiplier. The multiplicand and 
the multiplier are known as factors. 

In performing multiplication, the multiplier is written below 
the multiplicand, the units of one under the units of the other, 
tens under tens, etc. Each figure of the multiplicand, beginning 
at the right, is multiplied by each figure of the multiplier and the 
right-hand figure of each partial product is placed in turn directly 
under the figure used as a multiplier. Partial products are placed 
on different lines. The sum of the partial products will equal the 
required product. 


Illustration: 1663 multiplicand 

247 multiplier 


11571 

6612 

3306 


408291 product 


Division.—Division is the process of finding how many times 
one number is contained in another. The number to be divided 
is called the dividend and the number by which it is divided, the 
divisor. The result of the operation, or the number of times the 
divisor is contained in the dividend, is known as the quotient. 
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When the divisor contains but one figure, the method commonly 
used is known as ahort division. In performing this, place the 
divisor to the left of the dividend, separated by a line, and draw a 
line under the dividend. Divide the first or the first two figures 
of the dividend, as is necessary, by the divisor and place the 
quotient under the line. If the divisor does not go a whole 
number of times, the remainder is prefixed to the next figure in the 
dividend and the process is repeated. 

Illustration: divide 21372 by 6 

Solution: 6)21372 

3562 quotient 

When the divisor contains two or more figures, the method used 
is known as long division. This is performed as follows: Place 
the divisor at the left of the dividend, separated by a line, and 
place the quotient either above or to the right of the dividend. 
Divide the first group of figures which gives a number larger than 
the divisor by the divisor, place the first figure of the quotient 
above the dividend, multiply this figure by the divisor and place 
this product below the figures divided into and subtract. The 
remainder prefixed to the next figure brought down from the 
dividend forms the new trial dividend. Repeat until all figures 
of the dividend are brought down. 

Illustration: divide 2841020 by 364 

7805 quotient 
364)2841020 
2548 

2930 

2912 

1820 

1820 


It is very common in both short and long division that the 
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divisor Will not go into the last trial dividend a whole number 
of times. It is then necessary to express the remainder as a 
fraction. 

Example: Divide 327 by 18 

J quotient 

Solution: 18)327 
18 

147 

144 

T. . , 3 1 

Remainder = — = - 
18 6 

Fractions.—“A fraction is a part of any object or unit. It 
consists of three essential elements, a number called a denominator 
which denotes the number of equal parts into which the object or 
unit is divided, a horizontal line above the denominator, called the 
fraction line, and a number above the line known as the numerator 
which denotes how many of the equal parts are to be taken. 
Thus in the fraction f, 3 is the numerator and 4 the denominator. 
This type of fraction is usually called a common fraction. To 
read a common fraction, read the numerator and then the 
denominator. 

Illustration: -J-, -®, are read, one-half, three-fourths or 
three-quarters, seven-elevenths. 

A -proper fraction is one whose numerator is less than the 
denominator, as f. 

An improper fraction is one whose numerator is greater than the 
denominator, as f. 

A mixed number consists of a whole number and a fraction 
written together, as 2§. 

Reduction of Fractions.—A fraction may be reduced to its 
lowest form (without changing its value) by dividing both the 
numerator and the denominator by their greatest common divisor 
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(G.C.D.). Thus the G.C.D. of ^ is 6 and if the numerator and 
denominator are both divided by this number, the fraction 


12 12 


2 

5' 


becomes, — = 

'30 30 -J- 6 

A mixed number may be reduced to an improper fraction by 
multiplying the whole number by the denominator and adding 
the numerator to form a new numerator. Thus, 




(2 X 4) + 1 
2 


9 

2 ‘ 


To change an improper fraction to a mixed number, divide the 
numerator by the denominator. The quotient is the whole num¬ 
ber and the remainder is the new numerator. Thus, . 

Addition and Subtraction of Fractions.—To add fractions, the 
least common multiple (L.C.M.) of all denominators must first be 
determined to find a common denominator. The L.C.M. is 
found by multiplying the product of the prime factors (numbers 
divisible only by themselves and one) of the largest denominator 
by the product of the prime factors which occur in the other 
denominators but not in the largest. Thus the prime factors of 


3 5 7 

the denominators of the fractions and —, are 


3 5 

2 X 2’ 3 X 2’ 


and - ----. In this case 2X2X3 contains all of the 

2X2X3 

factors in the required number of times, so 12 is the least common 
denominator of these fractions. 

The next step is to expand both terms of each fraction pro¬ 
portionately so that their denominators will be equal. Thus, 


3X3 9 

4 X 3 “ 12’ 


5X2 10 

- = —. and 

6X2 12’ 


- ^ - = —. Then 
12 X 1 12 


all of the 


expanded numerators may be placed over the common denom¬ 
inator and tiie numerators added, thus. 


9-H0-H7 _ 26 2 1 

12 12 ^ 12 %' 


When mixed numbers are added they may be changed to 
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improper fractious and then the same procedure as above followed. 
Thus, 


2 4 2 4 


5 X 2 15 

2X2'^ 4 


10 .15 10 + 15 25 „1 

__ + __ —- - — 

4 4' 4 4 4 


Fractions are subtr^ted by reducing to the smallest common 
denominator as for addition and then finding the difference of the 
new numerators. Thus, = = and = 

¥ - M = W - M ^ = 2M. 

Multiplication and Division of Fractions.—To multiply a 
fraction by a whole number, multiply the numerator by the 
whole number. The product will be the new numerator over the 


old denominator. 


Thus, 5 X ^ = 


5X3 

4 



“i- 


To divide a fraction by a whole number, multiply the denomo 
inator of the fraction by the whole number. The quotient will 
be the old numerator over the new denominator. Thus, 


1 5 = 1 ^±. 1^0 ^ 7 ^ 7 _ 

2 ■ 2 X 5 ~ 10' 8 ' 8 X 3 24’ 


To multiply one fraction by another fraction, place the product 
of the nvunerators over the product of the denominators and 
reduce to required form. Thus, 


5 2^5X2^W^5 3 1^3X1^3 

8 ^ 3 “ 8 X 3 “ 24 “ 12’ 16 ^ 2 ” 16 X 2 “ 32’ 


When mixed numbers are to be multiplied by fractions, it is 
advisable to change the mixed numbers to improper fractions before 
using the above procediu:e. Thus, 

3 3 ^ 40 + 3 3 ^ 43 X 3 ^ 129 ^ ^ 

®8 ^ 4 “ 8 ^ 4 ~ 8 X 4 “ 32 ~ ^32’ 

To divide a whole number or a fraction by a fraction, invert the 
divisor and multiply. Thus, |■^i = iXf = f = i;^-j-§ = f X 
t = lf = f;i2i^i = ^- J = ¥xf = ^ = m. 

Cancellation.—In practical operations where the multiplica- 
tion of various kinds of numbers, including fractions is expressed, 
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the process may often be shortened by cancellation. This con¬ 
sists of taking out common factors above and below the fraction 
line before multiplying. As an example, take the expression 
10 X 4 X 12 

—- - -This would require several operations to simplify 

25 X o X o 

without cancellation. However, it will be noted that 5 is a com¬ 
mon factor in the 10 and the 25, and that 4 can be factored out 
of the 4 and the 8 and the 3 can be factored out of the 12. The 
operation is performed by striking out the numbers and writing 
above or below the remaining portion as follows: 

2 4 

10 X 4 X 12 ^ 4 
20 X 3 X g 5‘ 

5 2 

Cancellation can be made as long as factors remain which will 
cancel each other, but there is, however, a medium point where 
cancellation may sometimes cease for simplicity of operation. 

Decimal Fractions .—A fraction which has for its denominator 
the number 10, 100, 1000, etc., may be expressed by writing only 
one number and using a period or a decimal point to indicate 
whether the fraction is tenths, hundredths, etc. Thus, .1 is 
.01 is xiv, -17 is .125 is etc. These are called decimal 
fractions or simply decimals. When written alone, 0 is usually 
placed to the left of the decimal point, 0.125. 

To read a decimal expressed in figures, read the decimal as if a 
whole number, and add the fractional name of the lowest place. 
For example, 6.18 is read 6 and 18 hundredths; 6.0018, 6 and 18 
ten-thousandths. 

Changing Common Fractions into Decimals.—Since the frac¬ 
tion line indicates division it is easy to see that a fraction can be 
reduced to a decimal simply by performing the indicated operation 
and dividing the munerator by the denominator and writing the 

. . . mL 3 8)3.000 

quotient m decimal form. Thus, - = ■ = 0.375. 

o 0.o75 

In this example the quotient came out exactly and the decimal 
is the exact equivalent of the fraction. Some decimals will not 


Thus,g = 
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come out exactly and the division should then be carried out only 
as far as the nature of the work requires. Decimals are seldom 
carried out to more than five places. When the value of a' decimal 
correct to the nearest tenth, hundredth, thousandth, etc., is 
required, 1 is added to the last required figure if the next figure is 


TABLE 1 

Decimal Equivalents of Common Fhagtions 



A 

A 

1 

4 


A 

H 

U 


A 

A 

H 

3 

8. 


il 

li 

H 


.140625 

.15626 

.171875 

.1875 

.203125 

.21875 

.234375 

.25 

,265625 

.28125 

.296875 

.3125 

.328125 

.34375 

.•359375 

.375 



R 

M 

R 

R 


II 

R 

n 

H 

R 

li 

li 

R 



.390625 

.40625 

.421875 




.4375 

.463125 

.46875 

.484375 

.5 



Decimal 

0.516625 

.53125 

.546875 

.5625 

.578125 

.59375 

.609375 

.625 

.640625 

.65625 

.671875 

.6875 

.703125 

.71875 

.734375 

.75 

.765625 

.78125 

.796875 

.8125 

.828125 

.84375 

.859375 

.875 


.890625 




.921875 

.9375 

.953125 

.96875 

.984375 

1 . 
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five or more. Thus, 0.376 correct to the nearest tenth is 0.4; 
correct to the nearest hundredth is 0.38. 

Addition and Subtraction of Decimals.—In the addition and 
subtraction of decimals, the numbers are written one above the 
other in such a manner that the decimal points are always directly 
in a vertical column. The operations are then performed in the 
ordinary manner, care being taken that the decimal point in the 
sum or the remainder is also directly in line with those above. 

Example of addition: 2.0625 

315.25 
0.0375 

317.3500 

Zeros to the right of the last significant figure in a decimal may 
be stricken out when they have no significance without changinf 
the value of the number. 

Example of subtraction: 24.325 

5.7036 

18.6214 

Multiplication of Decimals.—^In multiplication of decimals, 
the points are not required to fall under each other and the frac¬ 
tions are placed so that the right-hand figures of the multiplier 
and multiplicand are in the same column as when dealing with 
whole numbers. The multiplication is then performed as with 
whole numbers and the product has as many decimal places as the 
multiplicand and the multiplier combined. That is, if the multi¬ 
plicand has three figures to the right of the decimal point and the 
multiplier has two figures to the right of the decimal point, then the 
product will have 3 2 = 5 figures to the right of the decimal point. 

1.26 

0.0012 


252 

126 

0.001512 product 


Examples: 8.475 

2.25 


42375 

16950 

16950 


19.06875 product 
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Decimals, or any other number, may be multiplied by 10 by 
simply moving the decimal point one place to the right; by 100 
by moving the decimal point two places to the right, etc. 
Examples: 10 X 46.75 = 467.5; 1000 X 0.()627 = 62.7. 

Division of Decimals.—^To divide decimals, multiply or divide 
the divisor and the dividend by some power of 10 (10, 100, 1000, 
etc.) so as to make the divisor a whole ni’ipber. Mark the new deci¬ 
mal point in the dividend by a caret (A ) and proceed as with the 
division of whole numbers, placing the decimal point of the quotient 
above or below the caret depending on whether long or short 
division is used. The quotient will then have as many decimal 
places as the new dividend. 

Examples: Divide 43.28 by 400. Divide 43.28 by 0.004. 

40 0)a43.28 O.004 )43.28Oa 

0.1082 (Ans.) 10820. (Ans.) 

Divide 1728.5 by 1.356 to the near¬ 
est thousandth. 

1274.705 (Ans.) 

1,356) 1728,500a000a 
1356 
3725 
2712 
10130 
9492 
6380 
5424 
9560 
9492 
6800 
6780 

Changing Dechnals to Common Fractions .—Exact Decimals, 
that is, a decimal whose denominator is contained in the numerator 
without a remainder. For the numerator of the fraction, use the- 
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significant figures of the decimal, the denominator being 1 with 
as many ciphers as there are decimal places in the decimal; reduce 
to lowest terms. 

Examples: 0.75 = = f; 0.375 = = f. 

Table 1 will be found convenient for finding the equivalent 
fraction to many decimals. 

Repeating Decimals.—A common fraction can be expressed 
exactly by a decimal if the denominator contains no other factors 
than 2 or 5; otherwise it cannot. For example, when the fraction 

is expressed as a decimal the quotient obtained by dividing 
3 by 11 is 0.27272727, etc., however far it is carried. 

A decimal that contains a constantly recurring figure or series 
of figures is called a repeating decimal. In the case given above, 
0.27272727, etc. is a repeating decimal, the series of figures con¬ 
stantly recurring being 27. In writing a repeating decimal dots 
are usually placed over the first and last figures of the repetend, 
i.e., the figure or series of figures that constantly recurs. Thus, 
0.272727_would be written 0.27 and 0.333... 0.3. 

To Reduce a Repeating Decimal to a Common Fraction.— 
Treat the non-repeating and the first repeating groups as a whole 
number; subtract from this the non-repeating group treated as a 
whole number; the difference will be the numerator of the fraction. 
The denominator will be composed of as many 9’s as there are 
repeating figures in the group, followed by as many O’s as there 
are non-repeating figures. Reduce to lowest terms. 


Example: 

Reduce 

0.3 to a fraction 
-0 


numer. 

3 1 s 


denom. 

5-3 (Am) 

Example: 

Reduce 

0.27 to a fraction 
-00 


numer. 

27 3 ,, , 


denom. 
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Example: Reduce 0.79054054 
- 79 

numer. 78975 _ ^ 
denom. 99900 148 

Compound or Denominate Numbers.—A quantity expressed 
in imits of two or more denominations is called a compound 
quantity or a compound denominate number. Thus, 4^ feet is a 
simple quantity; but its equivalent 4 feet 6 inches is a compound 
quantity. 

The process of changing the denomination in which a quantity 
is expressed, without changing the value of the quantity, is called 
reduction. 

Reduction Descending.—To reduce a compound number to a 
lower denomination, multiply the number by as many units of the 
lower denomination as makes one of the higher. 

Examples: Reduce 4| feet to inches: 4| X 12 = 54 inches. 

Reduce 31 pecks to quarts: 3i X 8 = 26 quarts. 

When the given number is expressed in more than one denomina¬ 
tion, proceed in steps from the highest denomination to the next 
lower, and so on to the lowest, adding in the units of each denomi¬ 
nation as the operation proceeds. 

Example: Reduce 10 gallons, 1 quart, 1 pint, to pints. 

10 X 4 = 40, + 1 = 41, 41 X 2 = 82, -f 1 = 83 pints. (Ans.) 

Reduction Ascending.—^To express a number of a lower denomi¬ 
nation in terms of a higher, divide the number by the number of 
units of the lower denomination contained in one of the next 
higher; the quotient is in the higher denomination, and the 
remainder, if any, is in the lower. 
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Example: Reduce 227 pints to higher units. 

227 ^ 2 = 113 qts., +1 pt., 1134 = 28 gal. + 1 qt. 

28 gal. 1 qt. 1 pt. (Ans.) 

To express the results in decimals of the higher denomination, 
divide the given number by the number of units of the given 
denomination contained in one of the required denomination, 
carrying the result to as many places as required. 

Example: Reduce 1 inch to feet. Give result in ten- 
thousandths. 1 -T- 12 = 0.0833 ft. (Ans.) 

Addition of Compoimd Quantities.— 

Example: Add 12 feet 4| inches, 6 feet 8f inches, and 15 feet 
3§ inches. 


ft. 

in. 

8 

12 

41 

2 

6 

8 | 

5 

15 

3^ 

4 

33 

15 

— — 1^ 
8 * 


+ If _ 

16f = 1 ft. 4t in. 

33 ft. -I- 1 ft. 4f in. = 34 ft. 4f in. (Ans.) 

Subtraction of Compound Quantities.— 

Example: Subtract 4 yds. 1 ft. 3 in. from 6 yd. 7 ft. 1 in. 
yd. ft. in. 

6 

6 7 12 + 1 (1 ft. or 12 inches is borrowed 

4 j 3 from 7 ft.) 

2 5 10 

Tnei-efore, the required difference is 2 yds. 5 ft- 10 in. (Ans.) 
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Mxiltiplication of Compound Quantities.— 

Example: Multiply 3 ft. in. by 8. 

3' 4A" = 

X 8 

24' 32 

+ 2i 

34 ^" = 2 ' 10 §" 

24'+ 2' 10^" = 26' 10^" 

Hierefore, the product is 26 ft. 10^ in. (Ans.) 

Division of Compotmd Quantities.— 

Example: Divide 122 bu. 2 pk. 7 qt. 1 pt. by 6. 

bu. pk. qt. pt. 

5 1 122 2 7 1 

24 2 1 1 

Therefore, the quotient is 24 bu. 2 pk. 1 qt. 1 pt. (Ans.) 


Example: Divide 12 ft. 4 in. by 5 to the nearest in. 

12' 4" X 12 = 148" 

14S V' V 

148" -^-5 = — = 24 =2'5| 

5 5 5 

3 48 9| 10 5 

gX16.- or 

Therefore, the quotient is 2 ft. 5f in. (Ans.) 


Powers.—When a number is multiplied by itself once it is 
said to be squared and the product is called the square of the 
number. Thus, in 3 X 3 = 9, the 9 is the square of 3. The same 
number has been used twice as a factor. The operation of squaring 
a number is usually indicated by a small number called an 
exponent, thus 3^ = 9. A number multiplied by itself once is 
said to have been raised to the second power. 

Similarly, a number may be multiplied by itself twice. It is 
then used three times as a factor and is said to have been cubed 
or raised to the third power and the operation is indicated thus; 
3® = 27, which means 3 X 3 X 3 = 27. 
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A number may be raised to any power, the power being indi¬ 
cated by the proper exponent. Thus, 4® is four to the sixth power 
or 4 X 4 X 4 X 4 X 4 X 4, 31 ® is three to the tenth, etc. 

Roots.—^A number may be divided into several equal factors. 
Thus, 36 is the product of 6 X 6. Each of the equal factors of a num¬ 
ber is called a root of the number. If a number is divided into two 
equal factors, the root is said to be the square root; if three equal 
factors, the cube-root; if four equal factors, the fourth root, etc. 

A root is indicated by the symbol called the radical sign 
and the degree of the root is indicated by a small number called 
the root index thus When the radical sign has no index 
number, the square root is meant, which could also be indicated 
by writing -^^7 Thus, = 5 or -^25 = 5. In all other cases 
an index number must be used, as — 3 and \/l6 = 2. 

The values of roots may be determined by arithmetical compu¬ 
tation, by the use of logarithms, or by reference to tables contain¬ 
ing values already computed. Square roots and cube roots are 
those most commonly needed and for most practical purposes, the 
average man will find that the tables of these values fill his needs. 
Such a table will be found on pages 23 to 36 and the values may 
be read directly. The computation of square root is described 
in the next paragraph, and the finding of roots by logarithms (the 
most convenient method for higher roots) is dealt with on page 62. 

Square Root.—The square root of a number is extracted as 
follows: 

Point off the number into periods of two figures each, begin¬ 
ning with the units; if there are decimals, begin at the decimal 
point, separating the whole number to the left and the decimal to 
the right into such periods, supplying as many ciphers in groups 
of two as may be desired in the decimal. 

Find the greatest number whose square is less than the first 
left-hand period and place this to the right of the given number as 
the fiirst figure of the root. Subtract its square from the first 
left-hand period and to the remainder annex the second period for 
a dividend. 

Place before this as a partial divisor, double the root figure 
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just found. Find how many times the dividend, exclusive of its 
right-hand figure, contains the divisor, and place the quotient as 
the second figure of the root, and also at the right of the partial 
divisor. • 

Multiply the divisor thus completed, by the second root figure 
and subtract the product from the dividend. To this remainder 
annex the next period for a new dividend, and double the two root 
figures for a new partial divisor. Proceed as before until all the 
periods have been brought down. 

Example: Extract the square root of 5386.3928 to 3 decimal 
places. 

53'86.39'28'00 (73.392 (Ans.) 

49 

143 ) 486 
429 

1463 ) 5739 
4389 

14669 ) 135028 
132021 

146782 ) 300700 
293564 
7136 


Extracting Sqtxare Root of a Fraction.—The square root of a 
fraction is the square root of its numerator over the square Troot of 

IV _ V9 _ 3 

^^le vli 4’ 


its denominator. Thus, 


When neither the 


numerator nor the denominator is a perfect square a convenient 
short cut is to multiply both by a common number to convert one 
or the other to a perfect square. Thus, 


/? = X 3 ^ ^ 2.449 

*^3 X 3 “ >9 “ V9 ~ ^ ~ 3 ■ 


Since the square root of a fraction often results in decimals, it is 



TABLE 2 

Sqttarbs, Cubes, Squabb Roots, Cubb Roots, of Numbers 
1 TO 1600. 


No. 

Square 

Cube. 

sq.Rt. 

Cu. Rt. 

H 

Square 

Cube. 

UBS 

Cu. Rt. 

0 

■n 

[■■■ra 

0.0000000 

0.0000000 



274 625 

8.0622677 

4.0207256 

1 

Bf 

1 

1.0000000 

1.0000000 



287 496 

.1240384 

.0412401 

2 

4 

8 

.4142136 

.2599210 




.1853528 

.0615480 

3 

9 

27 

.7320508 

.4422496 

3 

46 24 

1 314 432 

.2462113 

.0816551 

4 

16 

64 

2.0000000 

5874011 


47 61 

828 509 

.3066239 

.1016661 

6 

26 

125 

2.2360680 

1.7099759 

L 

40 00 

\mnmtnm 

8.3666003 

4.1212853 

6 

36 

216 

.4494897 

.8171206 

1 

50 41 

357 911 

.4261498 

.1408178 

7 

49 

843 

.6457513 

.9129312 

3 

51 84 

373 248 

.4852814 

.1601676 

8 

64 

612 

.8284271 

2.0000000 

i 

63 20 

389 017 

.5440037 

.1793393 

9 

81 

729 

3.0000000 

.0800837 

1 

54 76 

405 224 

.6023253 

.1983364 

10 



3.1622777 

2.1544347 

3 

56 25 

421 875 

8.6602540 

4.2171633 

11 

1 21 

1 331 

.3166248 

.2239801 


57 76 

438 076 

.7177979 

.2358236 

12 

144 

1 728 

.4641016 

.2894286 


69 29 

456 533 

.7749644 

.2543210 

13 

1 69 

2 197 

.6055513 

.3513347 


60 84 

474 552 

.8317609 

.2726586 

14 

1 96 

2 744 

.7416574 

.4101422 


62 41 

493 039 

.8881944 

2908404 

15 

2 25 

3 376 

3.8729833 

2.4662121 

r 

■71^ 


8.9442719 

4.3068695 

16 

2 56 

4 096 

4.0000000 

.5198421 

1 

65 61 

631 441 

9.0000000 

.3267487 

17 

2 89 

4 913 

.1231056 

.5712816 

a 

67 24 

651 368 

.0553851 

.3444815 

18 

3 24 

5 832 

.2426407 

.6207414 

n 

68 89 

671 787 

.1104336 

.3620707 

19 

3 61 

6 859 

.3588989 

.6684016 

1 

70 56 

592 704 

.1651514 

.3795191 

20 

4 00 


4.4721360 

2.7144177 


72 25 

614 125 

9.2195445 

4.3968296 

1 

4 41 

9 261 

.5825757 

2.7589243 


73 96 

636 056 

.2736185 

.4140049 

2 

4 84 

10 648 

.6904158 

.8020393 

1 

75 69 

658 503 

,3273791 

.4310476 

3 

6 29 

12 167 

7958315 

.8436670 

a 

77 44 

681 473 

.3808315 

.4479603 

4 

6 76 

13 824 

.8989795 

.8844991 

9 

79 21 

704 969 

.4339811 

.4647451 

25 

6 25 

15 625 

5.0000000 

2.9240177 

MM 

Kill!!] 


9.4868330 

4.4814047 

6 

6 76 

17 576 

.0990195 

.9624960 

1 

82 81 

753 571 

.5393920 

.4979414 

7 

7 29 

19 683 

.1961524 

3.0000000 

2 

84 64 

778 688 

.5916630 

.5143574 

8 

7 84 

21 952 

.2915026 

.0365889 


86 49 

804 357 

.6436508. 

,530654» 

9 

8 41 

24 389 

.3851648 

.07231$8 

4 

88 36 

830 584 

.6953597 

.5468359 

30 

9 00 

27 000 

5.4772266 

3.1072325 


90 25 

857 375 

9.7467943 

4.5629026 

i 

9 61 


.5677644 

.1413806 


92 16 

884 736 

' .7979590 

,5788570 

2 

10 24 


.6568542 

.1748021 


94 09 

912 673 

.8488578 

,5947009 

8 

10 89 


.7445626 

.2075343 


96 04 

941 192 

.8994949 

.6104363 

4 

11 56 

39 304 

.§309519 

.2396118 

HQ 

98 01 

970 299 

.9498744 

.6260659 

35 

12 25 

42 875 

5.9160798 

3.2710663 

■TO 



10.0000000 

4.6415888 

6 

12 96 

46 656 

6.0000000 

.3019272 

1 

1 02 Ot 


.0498756 

.6570095 

7 

13 69 

50 653 

.0827625 

.3322218 

2 

1 04 04 


.0995049 

. .6723287 

^ i 

14 44 

54 872 

J644140 

.3619754 

8 

1 06 09 


.1488916 

.6875482 

9 

15 21 

69 319 

2449980 

.3912114 

4 

1 08 16 

1 124 864 

.1980390 

.7026694 

40 

16 00 

64 000 

6.3245553 

3.4199519 



1 157 625 

10.2469508 

4.7176940 

1 

16 81 

68 921 

.4031242 

.4482172 

6 

1 12 36 

1 191 016 

.2956301 

.7326235 

2 

17 64 

74 088 

.4807407 

.4760266 

7 

1 14 49 

1 225 043 

.3440804 

.7474594 

3 

18 49 

79 607 

.5574385 

.5033981 

8 

1 16 64 

1 259 712 

.3923048 

.7622032 

4 

19.36 

85 184 

.6332496 

.5303483 

9 

1 18 81 

1 295 029 

.4403065 

.7768562 

45 

20*25 

91 125 

6.7082039 

3.5568933 

110 



10.4880885 

4.7914199 

6 

21 16 

97 336 

.7823300 

.5830479 

11 

1 23 21 

I 367 631 

.5356538 

.8058955 

7 

22 09 

103.823 

.8556546 

.6088261 

12 

1 25 44 


.5830052 

.8202845 

8 

23 04 

110 592 

.9282032 

.6342411 

13 

1 27 69 

1 442 897 

.6301458 

.8345881 

9 

24 01 

117 649 

7.0000000 

.6593057 

14 


1 481 544 

.6770783 

.8488076 

60 

25 00 

125 000 

7.0710678 

3.6840314 

115 


1 520 875 

10.7238053 

4.8629442 

1 

26 01 

132 651 

,1414284 

.7084298 

16 

[yf 

1 560 896 

1 7703296 

.8769990 

2 

27 04 

140 608 

.2111026 

.7325111 

17 

1 36 89 

FMIiJgTFl 

8166538 

1 .8909732 

3 

28 09 

148 877 

.2801099 

.7562858 

18 

1 39 24 

l 643 032 

,8627805 

.9048681 

4 

29 16 

157 464 

.3484692 

.7797631 

19 

1 41 61 

1 685 159 

.9087121 

,9186847 

65 

30 25 

166 375 

7.4161985 

3.8029525 

120 

rnimim 


10.9544512 

4.0324243 

6 

31 36 

175 616 

.4833148 

.8258624 

I 

l 46 41 

1 771 561 

11.0000000 

9460874 

7 

32 49 

185 193 

.5498344 

.8485011 

2 

I 48 84 

1 615 848 

.0453610 

,9596757 

8 

33 64 

195 112 

.6157731 

.8708766 

3 

t 61 29 

1 860 867 

.0905365 

;9731898 

9 

34 81 

205 379 

.6811457 

.8929965 

4 

1 63 76 


.1355287 

.9866310 

60 

36 00 

216 000 

7.7459667 

3.9148676 

125 

1 56 25 

1 953 125 

11.1803399 

5.0000000 

1 

37 21 

226 981 

.8102497 

.0364972 

6 

1 58 76 


.2249722 

.0132970 

2 

38 44 

238 328 

.8740079 

.9578915 

.7 

i 61 29 

2 048 383 

Ji694277 

.0265257 

3 

39 69 

250 047 

9373539 

.9790571 

8 

[ 63 84 

2 097 152 

3137085 

.0396848 

4 

40 96 

262 144 

8.0000000 

4.0000000 

9 

1 66 41 

2 146 689 

.3578167 

.0527743 

65 

43 25 

274 625 

8.0622577 

4.0207256 

130 

09 00 

2 197 000 

n;40l7543 

5.0657970 
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2S 


2 . —Squares, Cubes, Square Roots, Cube Roots, of Numbers 
1 TO 1600—Continued. 


No. 

Square 

Cube. 

Sq. Rt. 

Cu. Rt. 

No. 

Square 

Cube. 

Sq. Rt. 

Cu. Rt. 

130 

i 69 00 

2 197 000 

11.4017543 

5,0657970 

195 

3 80 2;> 

7 414 875 

13.9642400 

5.7988900 

1 

1 71 61 

2 248 091 

.4455231 

.0787531 

6 

3 84 16 

7 529 536 

14.0000000 

.8087857 

2 

1 74 24 

2 299 968 

.4891253 

.0916434 

7 

3 88 09 

7 645 373 

.0356688 

.8186479 

3 

176 89 

2 352 637 

.5325626 

.1044687 

£ 

3 92 04 

7 762 392 

.0712473 

.8284767 

4 

1 79 56 

2 406 104 

.5758369 

.1172299 

9 

3 96 01 

7 880 599 

.106736(1 

.8382725 

135 

1 82 25 

2 460 375 

11.618C500 

5.1299278 

20C 

4 OOOC 

8000 000 

14.1421356 

5.8480355 

6 

1 84 96 

2 515 456 

.6619038 

.1425632 

1 

4 04 01 

8 120 601 

.1774469 

.8577660 

7 

1 87 69 

2 571 353 

.7046999 

.1551367 

2 

408 04 

8 242 408 

.2126704 

.8674643 

8 

1 90 44 

2 628 072 

.7473401 

.1676493 

3 

4 12 09 

8 365 427 

.2478068 

.8771307 

9 

1 93 21 

2 685 619 

.7898261 

.1801015 

4 

4 16 16 

8 489 664 

.2828569 

.8867653 

140 

1 96 00 

2 744 000 

11.8321596 

5.1924941 

205 

4 20 25 

8 615 125 

14.3178211 

5.8963685 

1 

1 98 81 

2 803 221 

.8743422 

.2048279 

6 

4 24 36 

8 741816 

.3527001 

.9059406 

2 

2 01 64 

2 863 288 

.9163753 

.2171034 

7 

4 28 49 

8 869 743 

.3874946 

.9154817 

3 

2 04 49 

2 924 207 

.9382607 

.2293215 

8 

4 32 64 

8 998 912 

.4222051 

.9249921 

4 

2 07 36 

2 985 984 

12.000000(1 

.2414823 

9 

4 36 81 

9 129 329 

.4568323 

.9344721 

145 

2 10 25 

3 048 625 

12.0415946 

5.2535879 

210 

4 41 00 

9 261 000 

14.4913767 

5.9439220 

6 

2 13 16 

3 112 136 

.0830466 

.2656374 

It 

4 45 21 

9 303 931 

.5258390 

.9533418 

7 

2 16 09 

3 176 523 

.1243557 

.2776321 

12 

4 49 44 

9 528 128 

.5602198 

.9627320 

8 

2 19 04 

3 241 792 

.1655251 

.2895725 

13 

4 C3 69 

9 663 r>97 

.5945195 

.9720926 

9 

2 22 01 

3 307 949 

.2065556 

.3014592 

14 

4 57 90 

9 800 34 « 

.6287388 

.9814240 

150 

2 25 00 

3 375 000 

12.2474487 

5.3132928 

215 

4 62 25 

9 938 375 

14.6628783 

5.9907264 

1 

2 28 01 

3 442 951 

.2882057 

.3250740 

16 

4 66 56 

10 077 C96 

.6969385 

6.0000000 

2 

2 31 04 

3 511 808 

.3288280 

.3368033 

17 

4 70 89 

10 218313 

.7309199 

.0092450 

3 

2 34 09 

3 581 577 

.3693169 

.3484812 

18 

4 75 24 

10 360 232 

.7648231 

.0184617 

4 

2 37 16 

3 652 264 

.4096736 

.3601084 

19 

4 79 61 

10 503 459 

.7986486 

.0276502 

155 

2 40 25 

3 723 875 

12.4498996 

5.3716854 

220 

4 84 00 

10 648 000 

14.8323970 

6.03(^107 

6 

2 43 36 

3 796 416 

.4899900 

.3832126 

1 

4 88 41 

10 793 861 

.8660687 

.0459435 

7 

2 46 49 

3 869 893 

.5299641 

.3946907 

2 

4 92 84 

10 941 048 

.8996644 

.0550489 

8 

2 49 64 

3 944 312 

.5698051 

.4061202 

3 

4 97 29 

11 0S9 567 

.9331845 

.0641270 

9 

2 52 81 

4 019 679 

.6095202 

.4175015 

4 

5 01 76 

11 239 424 

.9666295 

.0731779 

160 

2 56 00 

4 096 OOC 

12.6491106 

5.4288352 

225 

5 06 25 

11390 625 

15.0000000 

$.0822020 

1 

2 59 21 

4 173 281 

.6885775 

.4401218 

6 

5 10 76 

11 543 176 

.0332964 

.0911994 

2 

2 62 44 

4 251 528 

.7279221 

.4513618 

7 

5 15 29 

11 697 083 

.0665192 

.1001702 

3 

2 65 69 

4 330 747 

.7671453 

.4625556 

8 

5 19 84 

11 852 352 

.0996689 

.1091147 

4 

2 68 96 

4 410 944 

.8062485 

.4737037 

9 

5 24 41 

12 008 989 

.1327460 

.1180332 

165 

2 72 25 

4 492 125 

12.8452326 

5.4848066 

230 

5 29 00 

12 167 000 

15.1657509 

6.1269257 

6 

2 75 56 

4 574 296 

.8840987 

.4958647 

1 

5 33 61 

12 326 391 

.1986842 

.1357924 

7 

2 78 89 

4 657 463 

.9228480 

.5068784 

2 

5 38 24 

12 487 168 

.2315462 

.1446337 

8 

2 82 24 

4 741 632 

.96148141 

.5178484 

3 

5 42 89 

12 649 337 

.2643375 

.1534495 

9 

2 85 61 

4 826 809 

13.0000000 

.5287748 

4 

5 47 56 

12 812 904 

.2970585 

.1622401 

170 

2 89 00 

4 913 000 

13.03840481 

5.5396583 

235 

5 52 25 

12 977 875 

15.3297097 

6.1710058 

1 

2 92 41 

5 000 211 

.0766968 

.5504991 

6 

5 56 96 

13 144 256 

.3622915 

.1797466 

2 

2 95 84 

5 088 448 

.1148770 

.5612978 

7 

5 61 69 

13 312 053 

.3948043 

.1884628 

3 

2 99 29 

5 177 717 

.1529464 

.6720546 

8 

5 66 44 

13 481 272 

.4272486 

.1971544 

4 

3 02 76 

5 268 024 

.1909060 

.5827702 

9 

5 71 21 

13 651 919 

.4596248 

.2058218 

175 

3 06 25 

5 359 375 

13.2287566 

5.5934447 

240 

5 76 00 

13 824 000 

15.4919334 

6.2144650 

6 

3 09 76 

5 451 776 

.2664992 

.6040787 

1 

5 80 81 

13 997 521 

.5241747 

.2230843 

7 

3 13 29 

5 545 233 

.3041347 

.6146724 

2 

5 85 64 

14 172 488 

.5563492 

.2316797 

8 

3 16 84 

5 639 752 

.3416641 

.6252263 

3 

5 90 49 

14 348 907 

.5884573 

.2402515 

9 

3 20 41 

5 735 339 

.3790882 

.6357408 

4 

5 95 36 

14 526 784 

.6204994 

.2487998 

180 

3 24 00 

5 832 OOOl 

13.4164079 

5.6462162 

245 

6 00 25 

14 706 125 

15.652475S 

6.2573248 

1 

3 27 61 

5 929 741 

.4536240 

.6566528 

6 

6 05 16 

14 886 936 

.6843871 

.2658266 

2 

3 31 24 

6 028 568 

.4907376 

.6670511 

7 

6 10 09 

15 069 223 

.7162336 

.2743054 

3 

3 34 89 

6 128 4S7 

.5277493 

.6774114 

8 

6 15 04 

15 252 992 

.7480157 

.2827613 

4 

3 38 56 

6 229 504 

.5646600 

.6877340 

9 

6 20 01 

15 438 249 

.7797338 

.2911946 

185 

3 42 25 

6 331 625 

13.6014705 

5.6980192 

250 

6 25 00 

15 625 000 

15.8113883 

6.2996053 

6 

3 45 9G 

6 434 856 

.6381817 

.7082675 

1 

6 30 01 

15 813 251 

.8429795 

.3079935 

7 

3 49 69 

6 539 203 

.6747943 

.7184791 

2 

6 35 04 

16 003 008 

.8745079 

.3163596 

8 

3 53 44 

6644 672 

.7113092 

.7286543 

3 

6 40 09 

16 194 277 

1 .9059737 

.3247035 

9 

3 57 21 

6 751 269 

.7477271 

.7387936 

4 

6 45 16 

16 387 064 

.9373775 

.3330256 

190 

3 61 00 

6859 000 

13.7840488 

5.7488971 

255 

6 50 25 

16 581 375 

15.9687194 

6.3413257 

1 

3 64 81 

6967 871 

.8202750 

.7589652 

6 

6 55 36 

16 777 216 

16.00000(K1 

.3496043 

2 

3 68 64 

7 077 888 

.8564065 

.7689982 

7 

6 60 49 

16 974 593 

.0312195 

.3578611 

3 

3 72 49 

7 189 057 

.R924440 

' .7789966 

8 

6 65 64 

17 173 512 

.0623784 

.3660968 

4 

3 76 36 

7 301 384 

.9283883 

.7889604 

9 

'6 70 81 

17 373 979 

.0934769 

.3743111 

195 

3 80 25 

7 414 875 

13.9642400 

5.7988900 

260 

6 76 00 

17 576 000 

16.1245155 

6.3825043 
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2.—Squares, Cubes, Square Roots, Cube Roots, of Numbers 
1 TO 1600—Continued. 


No. 

Square 

Cube. 

Sq. Rt. 

Cu. Rt. 

No. 

Square 

Cube. 

Sq. Rt. 

Cu. Rt. 

260 

6 76 00 

17 576 000 

16.1245155 

6.3825043 

325 

lO 56 25 

34 328 125 

18.0277564 

6.8753443 

1 

6 81 21 

17 779 581 

.1554944 

.3906765 

6 

i0 63 76 

34 645 976 

.0554701 

.8823888 

2 

6 86 44 

17 984 728 

.1864141 

.3988279 

7 

10 69 29 

34 965 783 

.0831413 

.8894188 

3 

6 91 69 

18 191 447 

.2172747 

.4069585 

8 

10 75 S4 

35 287 552 

.1107703 

.8964345 

4 

6 96 96 

18 399 744 

.2480768 

.4150687 

0 

1082 41 

35 611 289 

.1383571 

.9034359 

265 

7 02 25 

18 609 625 

16.2'788206 

6.4231583 

330 

10 89 00 

85 937 000 

18.1659021 

6.9104232 

6 

7 07 56 

18 821 096 

.3095064 

.4312276 

1 

1095 61 

36 264 691 

.1934054 

.9173964 

7 

7 12 89 

19 034 163 

.3401346 

.4392767 

2 

11 02 24 

36 594 368 

.2208672 

.9243556 

8 

7 18 24 

19 248 832 

.3707055 

.4473057 

3 

11 08 89 

36 926 037 

.2482876 

.9313008 

9 

7 23 61 

19 465 109 

.4012195 

.4553148 

4 

11 15 56 

37 259 704 

.2756669 

.9382321 

270 

7 29 00 

19 683 000 

16.4316767 

6.4633041 

335 

11 22 25 

37 595 375 

18.3030052 

6.9451496 

1 

7 34 41 

19 902 511 

.4620776 

.4712736 

6 

1! 28 96 

37 933 056 

.3303028 

.9520533 

2 

7 39 84 

20 123 648 

.4924225 

.4792236 

7 

11 35 69 

33 272 753 

.3575598 

.9589434 

3 

7 45 29 

20 346 417 

.5227116 

.4871541 

8 

11 42 44 

38 614 472 

.3847763 

.9658198 

4 

7 50 76 

20 570 824 

.5529454 

.4950653 

9 

11 49 21 

38 958 219 

.4119526 

.972682$ 

275 

7 56 25 

20 796 875 

16.5831240 

6.5029572 

340 

11 !J6 00 

39 304 000 

18 4390889 

6.9795321 

6 

7 61 76 

21 024 576 

.6132477 

.5108300 

1 

M 62 SI 

39 651 821 

.4661853 

.9863681 

7 

7 67 29 

21 233 933 

.6433170 

.5186839 

2 

11 69 64 

40 001 688 

.4932420 

.9931906 

8 

7 72 84 

21 484 952 

.6733320 

.5265189 

3 

11 76 49 

40 353 607 

.5202592 

7.0000000 

9 

7 78 41 

21 717 639 

.7032931 

.5343351 

4 

11 83 36 

40 707 584 

.5472370 

.0067962 

280 

7 84 00 

21 952 000 

16.7332005 

6.5421326 

345 

11 90 25 

41 063 625 

18.5741756 

7.0135791 

1 

7 89 61 

22 188 041 

.7630546 

.5499116 

6 

it 97 lf> 

41 421 736 

.6010752 

.0203490 

2 

7 95 24 

22 425 TBS 

.7928556 

.5576722 

7 

12 04 09 

41 781 923 

.6279360 

.0271058 

3 

8 00 89 

22 665 187 

.8226038 

.5654144 

8 

12 11 04 

42 144 192 

.6547581 

.0338497 

4 

8 06 56 

22 906 304 

.8522995 

.5731385 

9 

12 18 01 

42 508 549 

.6815417 

.0405806 

285 

8 12 25 

23 149 125 

16.8819430 

6.5808443 

350 

12 25 00 

42 875 000 

18.7082869 

7.0472987 

6 

8 17 96 

23 393 656 

.9115345 

.5885323 

] 

12 32 01 

43 243 551 

.7349940 

.0540041 

7 

8 23 69 

23 639 903 

.9410743 

.5962023 

2 

12 39 04 

43 614 208 

.7616630 

.0606967 

8 

8 29 44 

23 887 872 

.9705627 

.6038545 

3 

12 46 09 

43 986 977 

.7882942 

.0673767 

9 

8 35 21 

24 137 569 

17.0000000 

.6114890 

4 

12 53 16 

44 361 864 

.8148877 

.0740440 

290 

8 41 00 

24 389 000 

17.0293864 

6.6191060 

355 

12 60 25 

44 738 875 

18.8414437 

7.0806988 

1 

8 46 81 

24 642 171 

.0587221 

.6267054 

6112 67 36 

45 118016 

.8679623 

.0873411 

2 

8 52 64 

24 897 088 

.0880075 

.6342874 

7 

12 74 49 

45 499 293 

.8944436 

.0939709 

3 

8 58 49 ; 

25 153 757 

.1172428 

.6418522 

8 

12 81 64 

45 882 712 

.9208879 

.1005885 

4 

8 64 36 , 

25 412 184 

.1464282 

.6493998 

9 

12 88 81 

46 268 279 

.9472953 

.1071937 

295 

8 70 25 

25 672 375 

17,1755640 

6.6569302 

360 

12 96 00 

46 656 000 

18.9736660 

7.1137866 

6 

8 76 16 1 

25 934 336 

2046505 

.6644437 

1 

13 03 21 

47 045 881 

19,0000000 

.1203674 

7 

8 82 09 

26 198 073 

.2336879 

.6719403 

2 

13 10 44 

47 437 928 

.0262976 

.1269360 

8 

8 88 04 I 

26 463 592 

.2626765 

.6794200 

3 

13 17 69 

47 832 147 

.0525589 

.1334925 

9 ! 

8 94 01 ! 

26 730 899 

.2916165 

.6868831 

4 

13 24 96 

48 228 544 

.0787840 

.1400370 

300 

9 00 00 

27 000 000 

17.3205081 

8.6943295 

365 

13 32 25 

48 627 125 

19.1049732 

7.0465695 

1 

9 06 01 ! 

27 270 901 

.3493516 

.7017593 

6 

13 39 56 

49 027 896 

.1311265 

.1530901 

2 

9 12 04 

27 543 608 

.3781472 

.7091729 

7 

13 46 89 

49 430 863 

.1572441 

.1595988 

3 

9 18 09 

27 818 127 

.4068952 

.7165700 

f 

13 54 24 

49 836 032 

.1833261 

.1660957 

4 

9 24 16 

28 094 464 

.4355958 

.7239508 

9 

13 61 61 

50 243 409 

.2093727 

.1725809 

305 

9 30 25 

28 372 625 

17.4642492 

6.7313155 

37(] 

13 69 00 

50 653 000 

19.2353841 

7.1790544 

6 

9 36 36 

28 652 616 

.4928557 

.7386641 

1 

13 76 41 

51 064 811 

.2613603 

.1855162 

7 

9 42 49 

28 934 443 

.5214155 

,7459967 

2 

13 83 84 

51 478 848 

.2873015 

.1919663 

8 

9 48 64 

29 218 112 

.5499288 

.7533134 

2 

13 91 29 

51 895117 

.3132079 

.1984050 

9 

9 54 81 

29 503 629 

.5783958 

,7606143 

4 

13 98 76 

52 313 624 

.3390796 

.2048322 

'310 

961 00 

29 791 000 

17.6068169 

6.7678995 

375 

14 06 25 

52 734 375 

19.3649167 

7.2112479 

11 

937 21 

30 080 231 

.6361931 

.7751690 

€ 

14 13 76 

53 157 376 

.3907194 

.2176522 

12 

9 73 44 

30 371 328 

.6635217 

.7824229 


14 21 29 

53 582 633 

.4164878 

.2240450 

13 

9 79 69 

30 664 297 

, .6918060 

.7896613 


14 28 84 

54 010 152 

.4422221 

.2304268 

14 

9 85 96 

30 959 144 

.7200451 

.7968844 

9 

14 36 41 

54 439 939 

.4679223 

.2367972 

315 

9 92 25 

31 255 €75 

17.7482393 

8.804092J 

380 

14 44 00 

54 872 000 

19.4935887 

7.2431565 

16 

9 98 56 

31 554 496 

.7763888 

.8112847 

1 

14 51 61 

55 306 3r41 

.5192213 

.2495045 

17 

1004 89 

31 855 013 

.8044938 

.8184620 

2 

14 59 24| 

55 742 968 

5448203 

.2558415 

18 

101124 

32 157 432 

•8325545 

3256242 

3 

14 66 891 

56 181 887 

.5703858 

.2621675 

19 

10 17 61 

32 461759 

.8605711 

3827714 

4 

14 7 4 561 

56 623 104 

.5959179 

.2684824 

320 

1024 00 

32 768 000 

17.8885438 


385 

14 82 25 

57 066 625 

19 6214169 

7.2747864 

1 

110 30 41 

33 076 161 

.9184729 

3470213 

6 

14 89 96 

57 512 456 

.6468827 

.2810794 

2 

1036 84 

33 386 248 

.9443584 


7 

14 97 69 

67 660603 

.6723156 

.2873617 

3 

110 43 29 

33 698 267 

.9722008 

.8612120 

8 

15 05 44 

68 411072 

.6977156 

.2036330 

4 

10 49 76 

34 012 224 

18.0000000 

.8682855 

9 

1513 21 

68 863 869 

.7230829 

.2998035 

326 

10 56 25 

34 328 125 

18.0277564 

6.8753443 

390 

152100 

69 319 000 

19.7484177 

7.3061435 
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2. —Squares, Cubes. Square Roots, Cube Roots, op Numbers 
1 TO 1600—Continued. 
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CUBM, SOVARB RoOTS, CUBB RoOTS, OF NUIIBBRS 
1 TO 1600—Continued. 
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2.^^0uaiibs» Cubes. Square Roots. Cube Roots, of Numbees 
1 TO 1600—Continued. 


Ho. 


650 

1 

2 

3 

4 

655 

6 

7 

8 
9 

660 

1 

2 

3 

4 
665 

6 

7 

8 
9 

670 

1 

2 

3 

4 

675 

6 

7 

8 
9 

680 

1 

2 

3 

4 

685 

6 

7 

8 
9 

690 

1 

2 

3 

4 

695 

6 

7 

8 
9 

700 

1 

2 

3 

4 
705 

6 

7 

8 
9 

710 

11 

12 

18 

14 

715 


Square 

Cnbew 

8q. Rt. 1 

Cu. Rt.| 

No. 

Square 

Cube. 

Sq. Rt. 

Cu. Rt. 

42 25 00 
42 38 01 
42 51 04 
42 64 09 
42 77 16 

42 90 25 

43 03 36 
43 16 49 
43 29 64 
43 42 81 
43 56 00 
43 69 21 
43 82 44 

43 95 69 

44 08 96 
44 22 25 
44 35 56 
44 48 89 
44 62 24 
44 75 61 

44 89 00 

45 02 41 
45 15 84 
45 29 29 
45 42 76 
45 56 25 
45 69 76 
45 83 29 

45 96 84 

46 10 41 
46 24 00 
46 37 61 
46 51 24 
46 64 89 
46 78 56 

46 92 25 

47 05 96 
47 19 69 
47 33 44 
47 47 21 
47 61 00 
47 74 81 

47 88 64 

48 02 49 
48 16 36 
48 30 25 
48 44 16 
48 58 09 
48 72 04 

48 86 01 

49 00 00 
49 14 01 
49 28 04 
49 42 09 
49 56 16 
49 70 25 
49 84 36 

49 98 49 

50 12 64 
50 26 81 
50 41 00 
50 55 21 
50 69 44 
50 83 69 

50 97 96 

51 12 29 

274 625 000 

275 894 451 

277 167 808 

278 445 077 

279 726 264 

281 011 375 

282 300 416 

283 593 393 

284 890 312 

286 191 179 

287 496 000 

288 804 781 
290117 628 

291 434 247 

292 754 944 

294 079 625 

295 408 296 

296 740963 

298 077 632 

299 418 309 

300 763 000 
302111 711 

303 464 448 

304 821 217 

306 182 024 

307 546 875 

308 915 776 

310 288 733 

311 665 752 

313 046 839 

314 432 000 

315 821 241 

317 214 568 

318 611987 

320 013 504 

321 419 125 

322 828 856 

324 242 703 

325 660 672 

327 082 769 

328 509 000 

329 939 371 

331 373 888 

332 812 557 

334 255384 

335 702 375 

337 153 536 

338 608 873 

340 068 392 

341 532 099 

343 000 000 

344 472 101 

345 948 408 

347 428 927 

348 913 664 

350 402 625 

351 895810 

353 393 243 

354 894 912 

356 400829 

357 911 000 
359 425 431 
360944 128 

362 467 097 

363 994 344 
365 525 875 

25«4950976 

.5147016 

.5342907 

.5538647 

.5734237 

25.5929678 

.6124969 

.6320112 

.6515107 

.6709953 

25.6904652 

.7099203 

.7293607 

.7487864 

.7681975 

25.7875939 

.8069758 

.8163431 

.8456960 

.8650343 

25.8843582 

.9036677 

.9229628 

.9422435 

.9615100 

25.9807621 

26.0000009 

.0192237 

.0384331 

.0576284 

26.0768096 

.0959767 

.1151297 

.1342687 

.1533937 

26.1725047 

.1916017 

.2106848 

.2297541 

.2488095 

26.2678511 

.2868789 

.3058929! 

.3248932 

.3438797 

26.3628527 

.3818119 

.4007576 

.4196896 

.4386081 

26.4675131 

.4764046 

.4952826 

.5141472 

.5329983 

26.5518361 

.5706605 

.5894716 

.6082694 

6270539 

26.6458252 

.6645833 

.6833281 

.7020598 

.7207784 

26.7394839 

8.6623911 

.6668310 

.6712665 

.6756974 

.6801237 

8.6845456 

.6889630 

.6933759 

.6977843 

.7021882 

8.7065877 

.7109827 

.7153734 

.7197596 

.7241414 

8.7285187 

.7328918 

.7372604 

.7416246 

.7459846 

8.7503401 

.7546913 

.7590383 

.7633809 

.7677192 

8.7720532 

.7763830 

.7807084 

.7850296 

.7893466 

8.7936593 

.7979679 

.8022721 

.8065722 

.8108681 

8.8151598 

.8194474 

.8237307 

.8280099 

.8322850 

8.8365559 

.8408227 

.8450854 

.8493440 

.8535985 

8.8578489 

.8620953 

.8663375 

.8705757 

.8748099 

8.8790400 

.8832661 

.8874882 

.8917063 

.8959204 

8.9001304 

.9043366 

.9085387 

.9127369 

.9169311 

8.9211214 

.9253078 

.9294902 

.9336687 

.9378433 

8.9420140 

715 

16 

17 

18 
19 

720 

1 

2 

3 

4 
725 

6 

7 

8 
9 

730 

1 

2 

3 

4 
735 

6 

7 

8 
9 

740 

1 

2 

3 

745 

6 

7 

75 S 

1 

2 

3 

4 

755 

6 

1 

760 

1 

2 

3 

4 

765 

6 

7 

8 
9 

770 

2 

3 

4 

775 

6 

7 

8 
9 

780 

51 12 25 
51 26 66 
51 40 89 
51 55 24 
51 69 61 

51 84 00 
5* 98 41 

52 12 84 
52 27 29 
52 41 76 
52 56 25 
52 70 76 
52 85 29 

52 99 84 

63 14 41 

53 29 00 
53 43 61 
53 58 24 

53 7289 
§3 87 66 

64 02 26 

54 16 96 
5431 69 
54 46 44 
54 61 21 
54 76 00 

54 90 81 

55 05 64 
55 2049 
5535 36 

65 50 25 
55 65 16 
55 80 09 

55 95 04 

56 10 01 
56 25 00 
56 40 01 
56 55 04 
56 70 09 

56 85 16 

57 00 25 
57 15 36 
57 30 49 
57 45 64 
57 60 81 
57 76 00 

57 91 21 

58 06 44 
58 21 69 
58 36 96 
68 52 25 
58 67 56 
58 82 89 

58 98 24 

59 13 61 
59 29 00 
59 44 41 
59 59 84 
59 75 29 

59 90 76 

60 06 25 
60 21 76 
60 37 29 
60 52 84 
60 68 41 
6084 00 

366.525 875 

367 061 696 

368 601813 

370 146 232 

371 694 959 

373 248 000 

374 805 361 
376 367 048 
377033 067 
379 503 424 

381 078 125 

382 657 176 

384 240 583 

385 828 352 
387 420 489 

389 017 000 

390 617 891 

392 223 168 

393 832 837 
395 446 904 

397 065 375 

398 688 256 

400 315 553 

401 947 272 
403 583 419 

405 224 000 

406 869 021 
408 518 488 

410 172 407 

411 830 784 
4)3 493 625 

415 160 936 

416 832 723 
418 508 992 

420 189 749 

421 875 000 
423 564 7511 

425 259 008 

426 957 777| 
428 661 064 
430 368 875 

432 081 216 

433 798 093 
435 519 612 

437 245 479 

438 976 000 
440 711 081 
442 450 728 

444 194 947 

445 943 744 
447 697 125 
449 455 096 

451 217 663 

452 984 832 
454 756 609 
456 533 000 
458 314 on 

460 099 648 

461 889 917 
463 684 824 
465 484376 
467 288 676 
469 097 433 
470910952 
472 729 139 
474 652 000 

i 

26.7394839 

.7581763 

.7768557 

.7955220 

.8141754 

26.8328157 

.8514432 

.8700577 

.8886593 

.9072481 

26.9258240 

.9443872 

.9629375 

.9814751 

27.0000000 

27^0185122 

.0370117 

.0554985 

.0739727 

.0924344 

27.1108834 

.1293199 

.1477439 

.1661554 

.1845544 

27.2029410 

.2213152 

.2396769 

.2580263 

.2763634 

27.2946881 

.3130006 

.3313007 

.3495887 

.3678644 

27.3861279 

.4043792 

.4226184 

.4408455 

.4590604 

27.4772633 

.4954542 

.5136330 

.5317998 

.5499546! 

27.5680975 

.5862284 

.6043475 

.6224546 

.6405499 

27.6586334 

.6767050 

.6947648 

.7128129 

.7308492 

27.7488739 

.7668868 

.7848880 

.8028775 

.8208555 

27.8388218 

.8567766 

.8747197 

.8926514 

.9105715 

87.9284801^ 

8.9420140 

.9461809 

.9503438 

.9545029 

.9586581 

8.9628095 

.9669570 

.9711007 

.9752406 

.9793766 

8.9835089 

.9876373 

.9917620 

.9958829 

9.0000000 

9.0041134 

.0082229 

.0123288 

.6164309 

.0205293 

9.0246239 

.0287149 

.0328021 

.0368857 

.0409655 

9.0450417 

.0491142 

.0531831 

.0572482 

.0613098 

9.0653677 

.0694220 

.0734726 

.0775197 

.0815631 

9.0856030 

.0896392 

.0936719 

.0977010 

.1017265 

9.1057485 

.1097669 

.1137818 

.1177931 

.1218010 

9.1258053 

.1298061 

.1338034 

.1377971 

.1417874 

9.1457742 

.1497576 

.1537375 

.1577139 

.1616869 

9.1656565 

.1696225 

.1735852 

.1775445 

.1815003 

9.1854527 

.1894018 

.1933474 

.1972897 

.201228$ 

9.2061641 
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2. ^*:-SQUARsSt Cubes, Square* Roots, Cube RootB, oP Nuwbers 
1 TO. -1600—Continued. 


No. 

Square 

X^ube. 

Sq. Rt. 

Cu. Rt. 

No. 

Square 

Cube. 

Sq*. Rt^ 

Cu, Rt. 

780 

60 84 00 

474 552 000 

27.9284801 

9.205i6il 

845 

71 40 25 

603 351 125 

29.0688837 

9.4540719 

1 

60 99 61 

476379 541 

.9463772 

.2000962 

6 

71 57 16 

605 495 736 

.0860791 

.4577999 

2 

61 15 24 

478 211 768 

.9642629 

.2130250 

7 

71 74 09 

607 645 423 

•1032644 

.4615249 

2 

61 30 8S 

480 048 687 

.9821372 

.2169505 

8 

71 91 04 

609 800 192 

.1204396 

.4652470 

4 

61.46 56 

481 890 304 

28.0000000 

.2208726 

9 

72 08 01 

611960 049 

.1376046 

' .4689661 

785 

61 62 25 

483 736 625 

28.0178515 

9.2247914 

850 

72 25 00 

614 125 000 

29.1547595 

9.4726824 

€ 

61 77 96 

485 587 656 

.0356915 

.2287068 

1 

72 42 01 

616 295 051 

.1719043 

.4763957 

7 

61 93 69 

487 443 403 

.0535203 

.2326189 

2 

72 59 04 

618 470 208 

.1890390 

.4801061 

f 

62 09 44 

489 303 872 

.0713377 

.2365277 

3 

72 76 09 

620 650 477 

.2061637 

.4838136 

S 

62 25 21 

491 169 069 

.0891438 

.2404333 

4 

72 93 16 

622 835 864 

.2232784 

.4875182 

79( 

62 41 0( 

493 039 006 

28.1069386 

9.2443355 

855 

73 10 25 

625 026 375 

29.2403830 

9.4912200 

1 

62 56 81 

494 913 671 

.1247222 

.2482344 

6 

73 27 36 

627 222 016 

,2574777 

.4949188 

2 

62 72 64 

496 793 088 

.1424946 

.2521300 

7 

73 44 49 

629 422 793 

.2745623 

.4986147 

2 

62 88 4£ 

498 677 257 

.1602557 

.2560224 

8 

73 61 64 

631 628 712 

.2916370 

.5023078 

4 

63 04 36 

500 566 184 

.1780056 

.2599114 

9 

73 78 81 

633 839 779 

.3087018 

.5059980 

795 

63 20 25 

502 459 875 

28.1957444 

9.2637973 

860 

73 96 00 

636 056 000 

29.3257566 

9.5096854 

C 

63 36 16 

504 358 336 

.2134720 

.2676798 

1 

74 13 21 

638 277 381 

.3428015 

.5133699 

5 

63 52 0< 

506 261 573 

.2311884 

.2715592 

2 

74 30 44 

640 503 928 

.3598365 

.5170515 


63 68 04 

508 169 592 

.2488938 

.2754352 

3 

74 47 69 

642 735 647 

.3768616 

.5207303 

1 

63 84 0J 

510 082 399 

.2665881 

.2793081 

4 

74 64 96 

644 972 544 

.3938769 

.5244063 

80( 

64 00 OO 

512 000 00C 

28.2842712 

9.2831777 

865 

74 82 25 

647 214 625 

29.4108823 

9.5280794 

1 

64 16 01 

513 922 401 

.3019434 

.2870440 

6 

74 99 56 

649 461 896 

.4278779 

.5317497 

2 

64 32 04 

515 849 60g 

.3196045 

.2909072 

7 

75 16 89 

651 714 363 

.4448637 

.5354172 

2 

64 48 0£ 

517 781 627 

.3372546 

.2947671 

8 

75 34 24 

653 972 032 

.4618397 

.5390818 

4 

64 64 16 

519.718 464 

.3548936 

.2986239 

9 

75 51 61 

656 234 909 

.4788059 

.5427437 

805 

64 80 25 

521 660 125 

28.372521S 

9.3024775 

87C 

75 69 OC 

658 503 000 

29.4957624 

9.5464027 

€ 

64 96 36 

523 606 616 

.3901391 

.3063278 

1 

75 86 41 

660 776 311 

,5127091 

.5500589 

: 

65 12 4( 

525 557 942 

.4077454 

.3101750 

2 

76 03 84 

663 054 848 

.5296461 

.5537123 

i 

65 28 64 

527 514 112 

.4253406 

.3140190 

3 

76 21 29 

665 338 617 

.5465734 

.5573630 

! 

65 44 81 

529 475 122 

.4429252 

.3178599 

4 

76 38 76 

667 627 624 

.5634910 

.5610108 

8K 

65 61 0( 

531 441 000 

28.460498S 

9.3216975 

875 

76 56 25 

669 921 875 

29.5803989 

9.5646559 

11 

65 77 21 

533 411 731 

.4780617 

.3255320 

6 

76 73 76 

672 221 376 

.5972972 

.5682983 

12 

65 93 44 

535 387 328 

.4956137 

.3293634 

7 

76 91 29 

674 526 133 

.6141858 

.5719377 

13 

66 Q9 69 

537 367 797 

.5131549 

.3331916; 

8 

77 08 84 

676 836 152 

.6310648 

..5755745 

14 

66 25 96 

539 353 144 

.5306852 

.3370167; 

8 

77 26 41 

679 151 439 

.6479342 

.5792085 

815 

66 42 25 

541 343 375 

28.5482048 

9.3408386 

880 

77 44 00 

681 472 000 

29.6647939 

9.5828397 

16 

66 58 56 

543 338 496 

.5657137 

.3446575 

1 

77 61 61 

683 797 841 

.6816442 

.5864682 

17 

66 74 89 

545 338 513 

.5832119 

.3484731 

2 

77 79 24 

686 128 968 

.6984848 

.5900939 

18 

66 91 24 

547 343 432 

.6006993 

.3522857 

3 

77 96 89 

688 465 387 

.7153159 

.5937169 

19 

67 07 61 

549 353 259 

,6181760 

.3560952; 

4 

78 14 56 

690 807 104 

.7321375 

.5973373 

820 

67 24 00 

551 368 000 

28.6356421 

0.3599016 

885 

78 32 25 

693 1 54 125 

29.7489496 

9.6009548 

1 

67 40 41 

553 387 661 

.6530976 

.3637049 

6 

78 49 96 

695 506 456 

.76575211 

.6045696 

2 

67 56 84 

555 412 248 

.670.5424 

.3675051 

7 

78 67 69 

697 864 103 

.7825452 

.6081817 

8 

67 73 29 

557 44 1 767 

.6879766 

.3713022 

8 

78 85 44 

700 227 072 

.7993289 

.6117911 

4 

67 89 76 

559 476 224 

.7054002 

.3750963 

9 

79 03 2i; 

702 595 369; 

.8161030 

.6153977 

825 

68 06 25 

561 515 625 

28.7228132 

9.3788873 

890 

79 21 00 

704 969 000 

29.8328678 

9.6190017 

6 

68 22 76 

563 559 976 

.7402157 

.3826752 

I 

79 38 81 

707 347 971 

.8496231 

.6226030 

7 

68 39 29 

565 609 283j 

.7576077 

.3864600 

2 

79 56 64 

709 732 288 

.8663690 

.6262016 

6 

68 55 84 

567 €63 552 

.7749891 

.3902419 

a 

70 74 49 

712 121 957 

.8831056 

.6297975 

9 

68 72 41 

569 722 789 

.79236011 

.3940206 

4 

79 92 36 

714 516 984 

.8998328 

.6333907 

830 

68 89 00 

571 787 000 

28.8097206 

9.3977964 

895 

80 10 25 

716 917 375 

29.9165506 

9.6369812 


69 05 61 

573 856 191 

.8270706 

.4015691 

6 

80 28 16 

719 323 136 

.9332591 

.6405690 

2 

69 22 24 

575 930 368 

.8444102 

.4053387 

7 

80 46 09 

721 734 273 

.9499583 

.6441542 

3 

69 38 89 

578 009 537 

.8617394 

.4091054 

8 

80 64 04 

724 150 792 

.9666481 

.6477367 

4 

69 55 56 

580 093 704' 

.8790582 

.4128690 

9 

80 82 01 

726 572 699 

.9833287 

.6513166 

835 

69 72 25 

582 182 875 

28.8963666 

9 4166297 

900 

81 00 00 

729 000 000 

30.0000000 

9.6548938 

6 

69 88 96 

584 277 056 

.9136646 

.4203873 

1 

81 18 01 

731 432 701 

.0166620 

.6584684 

7 

70 05 69 

586 376 253 

.9309523 

.4241420 

2 

81 36 04 

733 870 808 

.0333148 

.6620403 

8 

70 22 44 

588 480 472 

.9482297 

.4278936 

3 

81 54 09 

736 314 327 

.0499584 

.6656096 

9 

70 39 21 

590 589 719 

.9654967 

.4316423 

4 

81 72 16 

738 763 264 

.0665928 

.6691762 

840 

7056 00 

592 704 000 

28.9827535 

9.4353880 

905 

81 90 25 

741 217 625 

30.US32179 

9.6727403 

1 

70 72 81 

594 823 321 

29.0000000 

.4391307 

6 

82 08 36 

743 677 416 

.0998339 

.6763017 

2 

70 89 64 

596 947 688 

.0172363 

.4428704 

7 

82 26 49 

746 142 643 

.1164407 

.6798604 

3 

71 06 49 

599 077 107 

.0344623 

.4466072 

8 

82 44 64 

748 613 312 

.1330383 

.6834166 

4 

71 23 36 

601 211584 

.0516781 

.4503410 

9 

82 62 81 

751 089 429 

.1496269 

.6869701 

845 

71 40 25 

603 351 125 

29.0688837 

9.4540719 

910 

82 81 00 

753 571 000 

30.1662063 

9.6905211 
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2 . Squarbs, Cubbs. Squarb Roots. Cubb Roots, of Numbbrs 
1 TO 1600—Continued. 


No. Square Cube. 


Sq.Rt. Cu. Rt. iNo. 


Square. 


Cube. 


Sq. Rt. Cu. Ri. 


82 81 00 

82 99 21 

83 17 44 
83 35 69 
83 53 96 
83 72 25 

83 90 56 

84 08 89 
84 27 24 
84 45 61 

92d 84 64 00 

84 82 41 

85 00 84 
85 19 29 
85 37 76 

925 85 56 25 
85 74 76 

85 93 29 

86 1184 
86 30 41 
86 49 00 
86 67 61 

86 86 24 

87 04 89 
87 23 56 
87 42 25 
87 60 96 
87 79 69 

87 98 44 

88 17 21 
9401 88 36 00 

88 54 81 
88 73 64 

88 92 49 

89 11 36 
89 30 25 
89 49 16 
89 68 09 

89 87 04 

90 06 01 
950| 90 25 00 

90 44 01 
90 63 04 

90 83 09 

91 01 16 
91 20 25 
91 39 36 
91 58 49 
91 77 64 

91 96 81 

92 16 00 
92 35 21 
92 54 44 
92 73 69 

92 92 96 

93 12 25 
93 31 56 
93 50 89 
93 70 24 

93 89 61 

94 09 00 
94 28 41 
94 47 84 
94 67 29 

94 86 76 

95 06 25 


910 

11 

12 

13 

14 
915 

16 

17 

18 
19 


? 

8 

9 

930 

1 

2 

3 

4 

935 


3 

4 

945 


1530.4 


6 


955 


8 

9 

960 

1 


965 

6 

7 

8 
9 

970 

1 

I 

975 


5B0.5 


753 571 000 
756 058 031 
758 550 528 
761 048 497 
763 551 944 
766 06087531 
768 575 296 
771 095 213 
773 620 632 
776 151 559 
778 688 000 
781 229 961 
783 777 448 
786 330 467 
788 889 024 
791 453 121 
794 022 776 
796 597 983 
799 178 752 
801 765 089 
804 357 000 
806 954 491 
809 557 568 
812 166 237 
814 780 504 
817 400 37 
820 025 856 
822 656 953 
825 293 672 
827 936 019 
830 584 000; 
833 237 621 
835 896 888 
838 561 807 
841 232 384 
843 908 621 
846 590 536 
849 278 123 
851 971 392 
854 670 349 
857 375 000: 
860 085 351 
862 301 408 
865 523 177 
868 250 664 
870 983 875 
873 722 816 
876 467 493 
879 217 912 
881 974 079 
8S4 736 000: 
887 503 681 
890 277 128 
893 056 347 
895 841 344 
898 632 121 
901 428 696 
904 231 063 
907 039 232 
909 853 209 
912 673 000 
915 498 611 
918 330 048 
921 167 317 
924 010 424 
926 859 


) 375 31 


30.1662063 
.1827765 
.1993377 
.2158899 
.2324329 
10.2489669 
.2654919 
.2820079 
.2985148 
.3150128 
130.3315018 
.3479818 
.3644529 
.3809151 
.3973683 
1.4138127 
4302481 
.4466747 
.4630924 
.4795013 
130.4959014 
.5122926 
.5286750 
.5450487 
.5614136 
►.5777697 
.5941171 
.6104557 
.6267857 
.6431069 
130.6594194 
.6757233 
.6920185 
.7083051 
. ,7245830 
5^0.7408523 
.7571130 
.7733651 
.7896086 
.8058436 
130.8220700 
.8382879 
.8544972 
.8706981 
.8868904 
[30.9030743 
.9192497 
.9354166 
.9515751 
.9677251 
[30.9838668 
31.UOOOOOO 
.0161248 
.0322413 
.0483494 
.0644491 
.0805405 
.0966236 
.1126984 
.1287648 
31.1448230 
.1608729 
.1769145 
.1929479 
.2089731 
1.2249900 


!531.( 


9.6905211 
.6940694 
.6976151 
.7011583 
.7046989 
9.7082369 
.7117723 
.7153051 
.7188354 
.7223631 
9.7258883 
.7294109 
.7329309 
.7364484 
.r399634 
9.7434758 
.7469657 
.750493(1 
.7539979 
.7575002 
9.7610001 
.7644974 
.7679922 
.7714845 
.7749743 
9.7784616 
.7819466 
.7854288 
,7889087 
.7923861 
9.7958611 
.7993336 
.8028036 
.8062711 
.8097362 
9.8131989 
.8166591 
.8201169 
.8235723 
.8270252 
9.8304757 
.8339238 
.8373695 
.8408127 
.8442536 
9.8476920 1 
.8511280 
.8545617 
.8579929 
.8614218 
9.8648483 H 
.8682724 
.8716941 
^751135 
.8785305 
9.8819451 
.8853574 
.8887673 
•8921749 
.8955801 
9^8989830 
.9023835 
.9057817 
.9091776 
.9125712 
9.9159624 I 


975 

6 

7 

8 
9 

980 


2 

3 

4 

985 

6 

7 

8 
9 

990 

1 

2 

3 

4 

995 

6 

7 

8 

[1000 

1 

2 

3 

4 

1005 

6 


It 

j: 

10101 
11 
12 
13 
, 14 
1015 
16 

17 

18 
19 


21 

22 

23 

24 

.0251 


27 

28 
29 

[1030 

31, 

32 

33 

34 
[1035 

36 

37 


04a'l 


950625 
95 25 76 
95 45 29 
9564 84 

95 84 41 

96 04 00 
96 23 61 
96 43 24 
96 62 89 

96 82 56 

97 02 25 
97 21 96 
97 41 69 
97 61 44 

97 81 21 

98 01 00 
98 20 81 
98 40 64 
98 60 49 

98 80 36 

99 00 25 
99 20 16 
99 40 09 
99 60 04 
99 80 01 

oooooo' 
00 20 01 
00 40 04 
00 60 09 
00 80 161 
01 00 25 
01 20 36 
01 40.49 
01 60 64 
01 8081 
02 01 00 
02 21 21 
02 41 44 
02 61 69 
02 81 96 
03 02 25 
03 22 56 
03 42 89 
03 63 24 
03 83 61 
04 04 00 
04 24 41 
04 44 84 
04 65 29 
04 85 76 1 
05 06 25 1 
05 26 76 
05 47 29 
05 67 84 
05 88 41 
06 09 00 
06 29 61 
06 50 24 
06 70 89 
06 91 561 
07 12 251 
07 32 961 
07 53 691 
07 74 441 
07 95 211 
08 16 001 


926 859 375,3 
929 714 176 
932 574 833 
935 441 352 
938 313 739 
941 192 000 
844 076 141 
946 966 168 
949 862 087 
952 763 904 
955 671 625 
958 585 256 
961 504 803 
964 430 272 
967 361 669 
970 299 000: 
973 242 271 
976 191 488 
979 146 657 
982 107 784 
985 074 875 
988 047 936 
991 026 973 
994 011 992 
997 002 999 
000 000 000 
003 003 001 
006 012 008 
009 027 027 
012 048 064 
015 075 125 
018 108 216 
021 147 343 
024 192 512 
027 243 729 
030 301 000 
033 364 331 
036 433 728 
039 509 197 
042 590 744 
045 678 375 
048 772 096 
051 871 913 
054 977 832 
058 089 859 
061 208 000 
064 332 261 
067 462 648 
070 599 167 
073 741 824 
076 890 625 
080 045 576 
083 206 683 
086 373 952 
089 547 389 
092 727 000 
095 912 791 
099 104 768 
102 302 937 
105 507 304 
108 717 87i 
111934 6^ 
115 157 653 
118 386 879 
121 622 319 
124 864 


5 ^ 2 . 


1000 ^ 2 . 


1.2249900 
.2409987 
.2569992 
.2729915 
.2889757 
31.3049517 
.3209195 
.3368792 
.3528308 
.3687743 
[31.3847097 
.4006369 
.4165561 
.4324673 
.4483704 
31.4642654 
.4801525 
.4960315 
.5119025 
.5277655 
31.5436206 
.5594677 
.5753068 
.5911380 
.6069613 
31.6227766 
.6385840 
.6543836 
.6701752 
, .6859590 
31.7017349 
.7175030 
.7332633 
.7490157 
.7647603 
(31.780497; 
.7962262 
.8119474 
.8276609 
.8433666 
[31.8590641 
.87475491 
.8904374^ 
.906112^ 
.9217794^ 
31.9374388^ 
.9530906 
.9687347 
.9843712 
[32.000000(N 
02.01562121 
.0312348 
.0468407 
.0624391 
.0780298 
(32.0936131 
.1091887 
.12475^ 
•1403173 
.1S5870« 
17141S9{ 
•1869539 
.2024844 
.2180074 
.233522^ 
1.2490310 


9.9159624 
.9193513 
.9227379 
.9261222 
.9295042 
9.9328839 
.9362613 
.9396363 
.9430092 
.9463797 
9.9497479 
.9531138 
.9564775 
.9598389 
.9631981 
9.9665549 
.9699095 
.9732619 
.9766120 
.9799599 
9.9833055 
.9866488 
.9899900 
.9933289 
.9966658 
10.0000000 
.0033323 
.0066622 
.0099899 
.0133155 
10.0166389 
.0199601 
.0232791 
.0265998 
.0299104 
►.0332228 
.0365330 
.0398410 
0431469 
.0464508 
►.0497521 
.0530514 
.0563485 
.0596435 
.0629364 
10.0662271 
.0695158 
.0728020 
.0760863 
.0793684 
10.0826484 
.0859263 
.0892019 
.0924755 
, .0957469 
10.0990163 
.1022835 
.1055487 
.1088117 
.1120728 
[10.1153314 
.1185883 
.1218428 
•1250953 
.1283457 
10.1315941 


210 . 


810 . 
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3<^-SaVAR88. CVBBS, SOVARB ROOTS, CVBB RoOTSr OF NOMBBRS 
1 TO 1600—Contij)ued. 


No. 

Square 

Cube^ 

Sq. Rt. 

Cu. Rt. 

No. 

Square 

Cuba. 

Sq. Rt. 

OlRt. 

1170 

71 

72 

73 

74 
.1175 

76 

77 

78 

79 
1180 

81 

82 

83 

84 
1185 

86 

87 

88 
89 

1190 

91 

92 

93 

94 
1195 

96 

97 

98 

99 
1200 

1 

2 

1205 

?i 

9 

1210 

11 

13 

14 
1215 

16 

17 

18 
19 

1220 

21 

22 

23 

24 
1225 

26 

27 

28 
29 

1230 

81 

32 

33 

34 
1235 

1 36 89 00 
1 37 12 41 
1 37 35 84 
1 37 59 29 
1 37 82 76 
1 38 06 25 
1 38 29 76 
1 38 53 29 
1 38 76 84 
1 39 00 41 

1 39 24 00 
1 39 47 61 
1 39 71 24 
1 39 94 89 
1 40 18 56 
1 40 42 25 
1 40 65 96 
1 40 89 69 
1 41 13 44 
1 41 37 21 
1 41 61 00 
1 41 84 81 
1 42 08 64 
1 42 32 49 
1 42 56 36 
1 42 80 25 
1 43 04 16 
1 43 28 09 
1 43 52 04 
1 43 76 01 
1 44 00 00 
1 44 24 01 
1 44 48 04 
1 44 72 09 
1 44 96 16 
1 45 20 25 
1 45 44 36 
1 45 68 49 
1 45 92 64 
1 46 16 81 
1 46 41 00 
1 46 65 21 
1 46 89 44 
1 47 13 69 
14T37 96 
1 47 62 25 
1 47 86 56 
1 48 10 89 
1 48 35 24 
1 48 59 61 
i 48 84 00 
1 49 08 41 
1 49 32 84 
1 49 57 29 
1 49 81 76 
1 50 06 25 
1 50 30 76 
1 60 55 29 
1 50 79 84 
1 51 04 41 
1 51 29 00 
1 51 63 61 
1 51 78 24 
1 52 02 89 
1 52 27 66 
1 52 52 25 

1 601 613 000 
1605 723 211 
i 609 840 448 
1 613 964 717 

1 618 096 024 
1 622 234 375 
1 626 379 776 
1 630 532 233 
1 634 691 752 
1 638 853 339 
1 643 032 000 
1 647 212 741 

1 651 400 568 
1 655 595 487 

1 659 797 504 
1 664 006 625 
1 668 222 856 
1 672 446 203 

1 676 676 672 
1 680 914 269 
1 685 159 000 
1 689 410 871 
1 693 669 888 
1 697 936 057 
1 702 209 384 
1 706 489 875 
1 710 777 536 
1 715 072 373 
1 719 374 392 
1 723 683 599 
1 728 000 000 
1 732 323 601 
1 736 654 408 
1 740 992 427 
1 745 337 664 
1 749 690 125 
1 754 049 816 
1 758 416 743 
1 782 790 912 
1 767 172 329 
1 771 661 000 
1776 956 931 
1 780 360 128 
i 784 770 597 
1 789 188 344 
1 793 613 375 
1 798 045 696 
1 802 485 313 
1 806 932 232 
1 811 386 459 
1 815 848 000 
1 820 316 861 
1 824 793 048 
1 829 276 567 
1 833 767 424 
1 838 265 625 
1 842 771 176 
1 847 284 083 
1 851 804 352 
1 856 331 989 
1 860 867 000 
1 865 409 391 
1 869 959 168 
1 874 516 337 
1 879 080 904 
1 883 652 875 

34.2052627 

.2198773 

.2344855 

.2490875 

.2636834 

34.2782730 

.2928564 

.3074336 

.3220046 

.3365694 

34.3511281 

.3656805 

.3802268 

.3947670 

.4093011 

34.4238289 

.4383507 

.4528663 

.4673759 

.4818793 

34.4963766 

.5108678 

.5253530 

.5398321 

.5543051 

34.5687720 

.6832329 

.5976879 

.6121366 

.6265794 

34.6410162 

.6554469 

.6698716 

.6842904 

.6987031 

34.7131099 

.7275107 

.7419055 

.7562944 

.7706773 

34.7850543 

.7994253 

.8137904 

.8281495 

.8425028 

34.8568501 

.8711915 

.8855271 

.8998567 

.9141805 

34.9284984 

.9428104 

.9571166 

.9714169 

.9857114 

35.0000000 

.0142828 

.0285598 

.0428309 

.0570963 

35.0713558 

.0856096 

.0998575 

.1140997 

.1283361 

35.1425668 

10.5372825 

.5402837 

.5432832 

.5462810 

.5492771 

10.5522715 

.5552642 

.5582552 

.5612445 

.5642322 

10.5C72181 

.5702024 

.5731849 

.5761658 

.5791449 

10.582122S 

.5850983 

.5880725 

.5910450 

.5940158 

10.5969850 

.6999525 

.6029184 

.6058826 

.6088451 

10.6118060 

.6147652 

.6177228 

.6206788 

.6236331 

10.6265857 

.6295367 

.6324860 

.6354338 

.6383799 

10.6413244 

.6442672 

.6472085 

.6501480 

.6530860 

10.6560223 

.6589570 

.6618902 

.6648217 

.6677516 

10.6706799 

.6736066 

.6765317 

.6794552 

.6823771 

10.6852973 

.6882160 

.6911331 

.6940486 

.6969625 

10.6998748 

.7027855 

.7056947 

.7086023 

.7115083 

10.7144127 

.7173155 

.7202168 

.7231165 

.7260146 

10.7289112 

1235 

36 

37 

38 

39 
1240 

41 

42 

43 

44 
1245 

46 

47 

48 

49 
1250 

51 

62 

63 

54 

1255 

56 

67 

58 

59 
1260 

61 

62 

63 

64 
1265 

66 

67 

68 
69 

1270 

71 

72 

73 

74 
1275 

76 

77 

78 

79 
1280 

8! 

82 

83 

84 
1285 

86| 

871 

88| 

m 

1290 

91 

92 

93 

94 
1295 

96 

97 

98 

99 
130(^ 

1 52 52 25 
1 52 76 96 
1 53 01 69 
1 53 26 44 
1 53 61 21 
1 63 76 00 
1 54 0081 
1 54 25 64 
1 54 50 49 
1 54 7536 
1 55 00 25 
1 55 25 16 
1 55 50 09 
1 55 75 04 
1 56 00 01 
1 56 25 00 
1 56 50 01 
1 66 75 04 
1 57 00 09 
1 57 25 16 
1 57 SO 25 
1 57 7536 
1 58 00 49 
1 58 2 5 64 
1 58 50 81 

1 58 76 00 
1 59 01 21 
1 59 26 44 
1 59 51 69 
1 59 76 96 
1 60 02 25 
1 60 27 56 
1 60 52 89 
1 60 78 24 
1 61 03 61 
1 61 29 00 
1 61 54 41 
1 61 79 84 
1 62 05 29 
1 62 30 76 
1 62 56 25 
1 62 81 76 
1 63 07 29 
1 63 32 84 
1 63 58 41 
1 63 84 00 
1 64 09 61 
1 64 35 24 
1 64 60 89 
1 64 86 56 
1 65 12 25 
1 65 37 96 
1 65 63 69 
1 65 89 44 
1 66 15 21 
1 66 41 00 
1 66 66 81 
1 66 92 64 
1 67 18 49 
1 67 44 36 
i 67 70 25 
1 67 96 16 
1 68 22 09 
1 68 48 04 
1 68 74 01 
1 69 00 00 

1 883 652 876 
1 888 232 256 
1 892 819 053 
1 897 413 272 
1 902 014 919 
1 9U6 624 000 
1911240 521 
1915 864 488 
1 920 495 907 
1 925 134 784 
1 929 781 125 
1 934 434 936 
1 939 096 223 
1 943 764 992 
1 948 441 249 
1 953 125 000 
1 957 816 251 
1962 515 008 
1 967 221 277 

1 971 935 064 
1 976 €56 375 
1 9813S5 216 
1 986 121 593 
1990 865 512 

1 995 616 979 

2 000 376 000 
2 005 142 581 
2 009 916 728 
2 014 698 447 
2 019 487 744 
2 024 284 625 
2 029 089 096 
2 033 901 163 
2 038 720 832 
2 043 548 109 
2 048 383 000 
2 053 225 511 
2 058 075 648 
2 062 933 417 
2 067 798 824 
2 072 671 875 
2 077 552 576 
2 082 440 933 
2 087 336 952 
2 092 240 639 
2 097 152 000 
2 102 071 041 
2 106 997 768 
2 111 932 187 
2 116 874 304 
2 121 824 125 
2 126 781 656 
2 131 746 903 
2 136 719 872 
2 141 700 569 
2 146 689 000 
2 151 685 171 
2 156 689 088 
2 161 700 757 
2 166 720 184 
2 171 747 375 
2 176 782 336 
2 181 825 073 
2 186 875 592 
2 191 933 899 
2 197 000 000 

35.1425668 

.1567917 

.1710108 

.1852242 

.1994318 

35.2136337 

.2278299 

.2420204 

.2562051 

.2703842 

35.2845575 

.2987252 

.3128872 

.3270435 

.3411941 

35.3553391 

.3694784 

.3836120 

.3977400 

.4118624 

35.4259792 

.4400903 

.4541958 

.4682957 

.4823900 

35.4964787 

.5105619 

.5246393 

.5387113 

.5527777 

35.5668385 

.5808937 

.5949434 

.6089876 

.6230262 

35.6370593 

.6510869 

.6651090 

.6791255 

.6931366 

35.707142! 

.7211422 

.7361367 

.7491258 

.7631095 

35.7770876 

.7910603] 

.8050276 

.8189894 

.8329457 

35.8468966 

.8608421 

.8747822 

.8887169 

.9026461 

35.9165699 

.9304884 

.9444015 

.9583092 

.9722115 

35.9861084 

36.0000000 

.0138862 

.0277671 

.0416426 

36.055512^ 

10.7289113 

.7318062 

.7346997 

.7375916 

.7404819 

10.7433707 

.7462579 

.7491436 

.7520277 

.7549103 

10.7577913 

.76U6708 

.7635488 

.7664353 

.7693001 

10.7721735 

.7750453 

.7779156 

.7807843 

.7836516 

10.7865173 

.7893815 

.7922441 

.7951053 

.7979649 

10.8008230 

.8036797 

.8065348 

.8093884 

.8122404 

10.8150909 

.8179400 

.8207876 

.8236336 

.8264782 

10.8293213 

.8321629 

.8350U30 

.8378416 

.8406788 

10.8435144 

.8463485 

.8491813 

,8520125 

.8548423 

10.8576704 

.8604972 

.8633225 

.8661464 

.8689687 

10.8717897 

.8746091 

.8774271 

.8802436 

.8830587 

10.8858723 

.8886845 

.8914952 

.8943044 

.8971123 

10.8999186 

.9027235 

.9055269 

.9083290 

.9111296 

10.9139287 
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3.—SgvARBS, Curbs, Souarb Roots, Curb Roots, or Numbbrs 
1 TO 1600—Continued. 


No. 

Square 

Cube. 

Sq. Rt. 

Cu. Rt. 

No. 

Square 

Cube. , 

Sq. Rt. 

Cu. Rt. 

1300 

1 

2 

3 

4 

1305 

6 

7 

C 

9 

1310 

11 

12 

13 

14 
1315 

16 

IT 

18 

19 

1320 

21 

22 

23 

24 
1325 

26 

27 

26 

26 

1330 

31 

82 

83 

34 

1835 

36 

37 
88 
39 

1340 

41 

42 

43 

44 
1345 

46 

47 

48 

49 
1350 

61 

69 

63 

1 69 00 00 
1 69 26 01 
1 69 52 04 
1 69 78 09 
1 70 04 16 
1 70 30 25 
1 70 56 36 
1 70 82 49 
1 71 08 64 
1 71 34 81 
1 71 61 00 
1 71 87 21 
1 72 13 44 
1 72 39 69 
1 72 65 96 
1 72 92 25 
1 73 18 66 
1 73 44 89 
1 73 71 24 
1 73 97 61 
1 74 24 00 
1 74 50 41 
1 74 76 84 
1 75 03 29 
1 75 29 76 

175 56 25 
1 75 82 76 
1 76 09 29 
t 76 35 84 
1 76 62 41 

176 89 00 
1 77 15 61 
1 77 42 24 

177 68 89 
1 77 95 56 
1 78 22 25 
1 78 48 96 
1 78 75 69 
179 02 44 
1 79 29 21 

179 56 00 
1 79 82 81 

180 09 64 
1 80 36 49 
1 80 63 36 
1 8090 25 
1 81 17 16 
18144 09 
1 81 71 04 
1 81 98 01 

182 25 00 
1 82 52 01 
1 82 79 04 

183 06 09 
1 83 33 16 
1 83 60 25 
1 83 87 36 
1 84 14 49 

184 41 64 
184 68 81! 
184 96 00 
1 85 23 211 
1 85 50 44 
1 85 77 69 
186 04 M 
1863328 

2 197 000 000 
2 202 073 901 
2 207 155 608 
2 212 245 127 
2 217 342 464 
2 222 447 625 
2 227 560 616 
2 232 681 443 
2 237 810 112 
2 242 946 629 
2 248 091 000 
2 253 243 231 
2 258 403 328 
2 263 571 297 
2 268 747 144 
2 273 930 875 
2 279 122 496 
2 284 322 013 
2 289 529 432 
2 294 744 759 
2 299 968 000 
2 305 199 161 
2 310 438 248 
2 315 685 267 
2 320 940 224 
2 326 203 125 
2 331 473 976 
2 336 752 783 
2 342 039 552 
2 347 334 289 
2 352 637 000 
2 357 947 691 
2 363 266 368 
2 368 593 037 
2 373 927 704 
2 379 270 375 
2 384 621 056 
2 389 979 763 
2 395 346 472 
2 400 721 219 
2 406 104 OOQ 
2 411 494 821 
2 416 893 688 
2 422 300 607 
2 427 715 584 
2 433 138 625 
2 438 569 736 
2 444 008 923 
2 449 456 192 
2 454 911 549 
2 460 375 000 
2 465 846 551 
2 471 326 208 
2 476 813 977 
2 482 309 864 
2 487 813 875 
2 493 326 016 
2 498 846 293 
2 504 374 712 
2 509 911 279 
2 515 456 000 
2 521 008 881 
2 526 569 928 
2 532 139 147 
2 637 716 644 
2 543 302 12^ 

36.0565128 

.0693776 

.0832371 

.0970913 

.1109402 

36.1247837 

.1386220 

.1524550 

.1662826 

.1801050 

36.1939221 

.2077340 

.2215406 

.2353419 

.2491379 

36.2629287 

.2767143 

.2904946 

.3042697 

.3180396 

36.3318042 

.3455637 

.3593179 

.3730670 

.3868108 

36.4005494 

.4142829 

.4280112 

.4417343 

.4554523 

36.4691650 

.4828727 

.4965752 

J1102725 

.5239647 

36.5376518 

.5513338 

.5650106 

.5786823 

.5923489 

36.6060104 

.6196668 

.6333181 

.6469644 

.6606056 

36.6742416 

.6878726 

.7014986 

.7151195 

.7287353 

36.7423461 

.7559519 

.7695526 

.7831483 

.7967390 

36.8103246 

.8239053 

.8374809 

.8510515 

.8646172 

36.8781778 

.8917335 

.9052842 

.9188299 

.9323706 

36.9459064 

10.9139287 

.9167265 

.9195228 

.9223177 

.9251111 

10.9279031 

.9306937 

.9334829 

.9362706 

.9390569 

10.9418418 

.9446253 

.9474074 

.9501880 

.9529673 

10.9557451 

.9585215 

.961296S 

.9640701 

.9668423 

10.9696131 

.9723825 

.9751505 

.9779171 

.9806822 

10.9834462 

.9862081 

.988969( 

.9917292 

•994487C 

10.9972445 

ll.OOOOOOC 

.0027541 

.0055069 

.0082583 

11.0110082 

,.0137561 

.0165041 

.0192500 

.0219945 

11.0247377 

.027479$ 

.0302199 

.032959$ 

.0356967 

11.0384330 

.0411680 

.0439017 

.0466339 

.0493649 

11.052094S 

.0548227 

.0575497 

.0602752 

.0629994 

11.0657222 

.0684437 

.0711639 

.0738828 

.0766003 

11.0793165 

.0820314 

.084744$ 

.0874571 

.0901679 

11.0928779 

1365 

66 

67 

68 
69 

1370 

71 

72 

73 

74 
1375 

76 

77 

78 

79 
1380 

81 

82 

83 

84 
1385 
' 86 

87 

88 
89 

1390 

91 

92 

93 

94 
1395 

96 

991 

1400 

1 

2 

3 

4 

1405 

6 

7 

8 
9 

1410 

11 

12 

13 

14 
(415 

16 

17 

18 
19 

1420 

21 

22 

23 

24 
1425 

26 

27 

28 
29 

1430 

1 

1 86 32 25 
1 86 59 56 
1 86 86 89 
1 87 14 24 
1 87 41 61 
1 87 69 00 
1 87 96 41 

1 88 23 84 
1 88 51 29 
1 88 78 76 
1 89 06 25 
1 89 33 76 
1 89 61 29 
1 89 88 84 
1 90 16 41 
1 90 44 00 
1 90 71 61 
1 90 99 24 
1 91 26 89 
1 91 54 56 
1 91 82 25 
1 92 09 96 
1 92 37 69 
1 92 65 44 
1 92 93 21 
1 93 21 00 
1 93 48 81 
1 93 76 64 
1 94 04 49 
1 94 32 36 
1 94 60 25 
1 94 88 16 
1 95 16 09 
1 95 44 04 
1 95 72 01 
1 96 00 00 
1 96 28 01 
1 96 56 04 
1 96 84 09 
1 97 12 16 
1 97 40 25 
1 97 68 36 
1 97 96 49 
1 98 24 64 
1 98 52 81 
1 98 81 00 
199 09 21 
199 37 44 
1 99 65 69 

1 99 93 96 

2 00 22 25 
2 00 50 56 
2 00 78 89 
2 01 07 24 
2 01 35 61 
2 01 64 00 
2 01 92 41 
2 02 20 84 
2 02 49 29 
2 02 77 76 
203 06 25 
2 03 34 76 
2 03 63 29 
2 03 91 84 
2 04 20 41 
2 04 49 00 

2 543 302 125 
2 548 895 896 
2 554 497 863 
2 560 108 032 
2 565 726 409 
2 571 353 000 
2 576 987 811 
2 582 630 848 
2 588 282 117 
2 593 941 624 
2 599 609 375 
2 605 285 376 
2 610 969 633 
2 616 662 152 
2 622 362 939 
2 628 072 000 
2 633 789 341 
2 639 514 968 
2 645 248 887 
2 650 991 104 
2 656 741 625 
2 662 500 456 
2 668 267 603 
2 674 043 072 
2 679 826 869 
2 685 619 000 
2 691 419 471 
2 697 228 288 
2 703 045 457 
2 708 870 984 
2 714 704 875 
2 720 547 136 
2 726 397 773 
2 732 256 792 
2 738 124 199 
2 744 000 000 
2 749 884 201 
2 755 776 808 
2 761 677 827 
2 767 587 264 
2 773 505 125 
2 779 431 416 
2 785 366 143 
2 791 309 312 
2 797 260 929 
2 803 221 000 
2 809 169 531 
2 815 166 528 
2 821 151 997 
2 827 145 944 
2 833 148 375 
2 839 159 296 
2 845 178 713 
2 851 206 632 
2 857 243 059 
2 863 288 000 
2 869 341 461] 
2 875 403 448 
2 881 473 967 
2 887 553 024l 
2 893 640 625 
2 899 736 776 
2 9d6 841 483 
2 9}1 954 752 
2 918 076 689 
2 924 207 OOO 

36.9459064 

.9594372 

.9729631 

.9864840 

37.0000000 

37.0135110 

.0270172 

.0405184 

.0540146 

.0675060 

37.0809924 

.0944740 

.1079506 

.1214224 

.1348893 

37.1483512 

.1618084 

.1752606 

.1887079 

.2021505 

37.2155881 

.2290209 

.2424489 

.2558720 

.2692903 

37.2827037 

.2961124 

.3095162 

.3229152 

.3363094 

37.3496988 

.3630834 

.3764632 

.3898382 

1 .4032084 
37.4165738 
.4299345 
.4432904 
.4566416 
.4699880 
37.4833296 
.4966665 
.5099987 
.5233261 
.5366487 
37.5499667 
.5632799 
.5765885 
.5898922 
.6031913 
37.6164857 
.6297754 
.6430604 
.6563407 
.6696164 
37.6828874 
.6961536 
.7094153 
.7226722 
.7359245 
37.7491722 
.7624152 
.7756538 
.7888873 
.8021163 
37.8153406 

11.0928775 
.0955857 
.0982926 
.1009983 
.1037025 
11.1064054 
.1091070 
.1118073 
.1145064 
.1172041 
11.1199004 
.1225955 
^ .1252893 
.1279817 
.1306729 
11.1333628 
.1360514 
.1387386 
.1414246 
.1441093 
11.1467926 
.1494747 
.1521555 
.1548350 
.1575133 
11.1601903 
.1628659 
.1655403 
.1682134 
.1708852 
11.1735558 
.1762250 
.1788930 
.1815598 
.1842252 
11.1868894 
.1895523 
.1922139 
.1948743 
.1975334 
11.2001913 
.2028479 
.2055032 
.2081573 
.2108101 
11.2134617 
.2161120 
.2187611 
.2214089 
.2240554 
11.2267007 
.2293449 
.2319876 
.2346292 
.2372696 
11.2399087 
.2425465 
.2451831 
.2478185 
.2504527 
11.2530856 
.2567173 
.2583478 
.2609770 
.2636050 
11.2662318 
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2. —^VARBS, Cubes, Square Roots, Cubb Roots, or Numbbrb 
1 TO 1600—Continued. 


No. 

Square 

Cube. 

Sq. Rt. 

Cu. Rt. 

No. 

Square] 

Cube. 

Sq. Rt. 

Cu.Rt. 

&43(J 

31 

33 

34 
1435 

36 

37 

38 

39 
1440 

41 

42 

43 

44 
1445 

46 

47 

48 

1450 

51 

52 

53 

UK 

57 

69 

1460 

61 

62; 

63 

64 
1465 

66 

67 

68 
69 

1470 

71 

72 

73 

74 
1475 

76 

77 
78! 

79 ; 

1480 

81 

82 

83 

84 
1485 

86 

87l 

88 

88 

1490 

91 

92 

93 

94 
149!^ 

2 04 49 00 
2 04 77 61 
2 05 06 24 
2 05 34 89 
2 05 63 56 
2 05 92 25 
2 06 20 96 
2 06 49 69 
2 06 78 44 
2 07 07 21 
2 07 36 00 
2 07 64 81 
2 07 93 64 
2 08 22 49 
2 08 51 36 
2 08 80 25 
2 09 09 16 
2 09 38 09 
2 09 67 04 
2 09 96 01 
2 10 25 00 
2 10 54 01 
2 10 83 04 
2 11 12 09 
2 11 41 16 
2 11 70 25 
2 11 99 36 
2 12 28 49 
2 12 67 64 
2 12 86 81 
2 13 16 00 

2 13 45 21 

3 13 74 44 
2 14 03 69 
2 14 32 96 
2 14 62 25 
2 14 91 56 

2 15 20 89 

3 15 50 24 
2 16 79 61 
2 16 09 00 
2 16 38 41 
2 16 67 84 
2 16 97 29 
2 17 26 76 
2 17 66 25 
2 17 85 76 

218 15 29 
2 18 44 84 
2 18 74 41 
2 19 04 00 
2 19 33 61 

219 6324 
2 19 92 89 
2 20 22 56 
2 20 52 25 
2 20 81 96 
2 31 1169 
2 21 41 44 
2 21 71 21 
2 22 0100 

222 3081 
2 22 60 64 
2 22 90 49 

223 20 36 
223 50 21^ 

2 924 207 000 
2 930 345 991 
2 936 493 568 

2 942 649 737 

3 948 814 504 
2 954 987 875 
2 961 169 856 
2 967 360 453 
2 973 559 672 
2 979 767 519 
2 985 984 000 
2 992 209 121 

2 998 442 888 

3 004 685 307 
3 010 936 384 
3 017 196 125 
3 023 464 536 
3 029 741 623 
3 036 027 392 
3 042 321 840 
3 048 625 000 
3 054 936 851 
3 061 257 408 
3 067 586 677 
3 073 924 664 
3 080 271 375 
3 086 626 816 
3 092 990 993 
3 099 363 912 
3 105 745 579 
3 112 136 000 
3 118 535181 
3 124 943 128 
3 131 359 847 
3 137 785 344 
3 144 219 625 
3 150 662 696 
3 157 114 663 
3 163 575232 
3 170 044 709 
3 176 523 000 
3 183 010111 
3 189 506 048 
3 196 010817 
3 202 524 424 
3 209 046 875 
3 215 578 176 
3 222 118 333 
3 228 667 352 
3 235 225 239 
3 241792 000 
3 248 367 641 
3 254 952 168 
3 261 549 687 
3 268 147 904 
3 274 759 126 
3 281 379 256 
3 288 008 303 
3 294 646 272 
3 301 293 160 
3 307 949 000 
3 314613771 
3 321 287 488 
3 327 970 157 
3 334 661 784 
3 341 862 375 

37.8153408 

.8285606 

.8417759 

.8549864 

.8681924 

37.8813938 

.8945906 

.9077828 

.9209704 

.9341535 

37.9473319 

.9605058 

.9736751 

.9868398 

38.0000000 

38.0131656 

.0263067 

.0394532 

.0525962 

.0657326 

38.0788655 

.0919939 

.1051178 

.1182371 

.1313519 

38.1444622 

.1575681 

•1706693 

.1837662 

.1968585 

38.2099463 

.2230297 

.2361085 

.2491829 

.2622529 

38.2753184 

.2883794 

.301436C 

.3144881 

.327535S 

38.340579C 

.3536178 

.3666522 

.3796821 

.3927078 

38.4057287 

.4187454 

.4317577 

.4447658 

.4577691 

38.4707681 

.4837627 

.496753C 

.5097398 

.5227208 

38.6356977 

.5486705 

.5616389 

,6746038 

.5875627 

38.6005181 

•6134691 

.6264158 

.6393582 

.6522962 

38.6653299 

11.2662318 

.2688573 

.2714816 

.2741047 

.2767266 

11.2793472 

.2819666 

.2845849 

.2872019 

.2898177 

11.2924323 

.2950457 

.2976579 

.3002688 

.3028781 

11.3054871 

.3080945 

.3107008 

.3133056 

.3159094 

11.3185119 

.3211132 

.3237134 

.3263124 

.3289102 

11.3315067 

.3341022 

.3366964 

.3392894 

.3418813 

11.3444719 

.3470614 

.3496497 

.3522368 

.3548227 

11.3574075 

.3599911 

.3625735 

.3651547 

.3677347 

11.3703136 

.3728914 

.3754679 

.3780433 

.3806175 

11.3831906 

.3857625 

.3883332 

.3909028 

.3934712 

11.3960384 

.3986045 

.4011695 

.4037332 

.4062959 

iU4088S74 

.4114177 

.4139769 

.4165349 

•4190918 

11.4216476 

.4242022 

•4267556 

.4293079 

.4318591] 

11.4344092 

1495 

96 

97 

98 

99 
1500 

1 

2 

3 

4 

1505 

6 

7 

8 

9 

1510 

11 

12 

13 

14 
1515 

16 

17 

18 
19 

1520 

21 

22 

23 

24 
1525 

26 

27 

28 
29 

1530 

31 

32 

33 

34 
1535 

36 

37 

38 

39 
1540 

41 

42 

43 

44 
1545 

46 

47 

48 

49 
1550 

51 

52 

53 

54 

1555 

96 

67 

68 
59 

156(^ 

Z 23 50 25 
Z 23 80 16 
Z 24 10 09 
2 24 40 04 
224 70 01 
2 25 00 00 
2 2580 01 
2 25 60 04 
2 25>90 09 
2 26 £0 16 
2 26 50 25 
2 26 80 36 
2 27 1040 
2 27 40 64 
2 27 70 81 
2 28 01 00 
2 28 31 21 
2 28 61 44 
2 28 91 69 
2 29 21 96 
2 29 52 25 
2 29 82 56 
2 30 12 89 
2 30 43 24 
2 30 73 61 
2 31 04 00 
2 31 34 41 
2 31 64 84 
2 31 95 29 
2 32 25 76 
2 32 56 25 
2 3286 76 
2 33 17 29 
2 33 47 84 
2 33 78 41 
234 09 00 
2 34 39 61 
2 34 7024 
2 35 00 89 

2 35 31 56 

3 35 62 2S 
2 35 92 96 
2 36 23 69 
2 36 54 41 
2 36 85 21 

237 16 00 

2 37 46 81 
237 77 64 
2 38 08 49 

2 38 39 36 

3 38 70 2S 

2 39 01 16 

3 39 32 09 
2 39 63 04 
2 39 9401 

240 25 0C 
2 40 56 01 
2 40 87 04 

241 18 09 
2 41 49 16 
241802& 
2 421136 

242 48 49 
2 48 73 64 

243 0481 
243 36 06 

3 341 362 375 
3 348 071 936 
3 354 790 473 
3 361 517 992 
3 368 254 499 
3 375 000 000 
3 381 754 501 
3 388 518 008 
3 395 290 527 
3 4^2 072 064 
3 408 862 625 
3 415 662 216 
3 422 470 843 
3 429 288 512 
3 436 115 229 
3 442 951 000 
3 449 795 831 
3 456 649 728 
3 463 512 697 
3 470 384 744 
3 477 265 875 
3 484 156 096 
3 491 055 413 
3 497 963 832 
3 504 881 359 
3 511 808 000 
3 518 743 761 
3 525688 648 
3 532 642 667 
3 539 605 824 
3 546 578 125 
3 553 559 576 
3 560 550 183 
3 567 549 952 
3 574 558 889 
3 581 577 000 
3 588 604 291 
3 595 640 768 
3 602 686 437 
3 609 741 304 
3 616 805 376 
3 623 878 656 
3 630.961 153 
3 638 053 872 
3 645 153 819 
3 652 264 OOC 
3 659 383 421 
3 666 512 088 
3 673 650 007 
3 680 797 184 
3 687 953 62S 
3 695119 338 
3 702 294 323 
3 709 478 592 
3 716 672 149 
3 723 875 000 
3 731 087 151 
3 738 308 608 
3 745 539 377 
3 758 779 464 
3 760 028 879 
3 767 287 618 
3 774 555 693 
3 781 833 112 
3 789 119 879 
3 796 416 000 

38.6652299 

.6781593 

.6910843 

.7040050 

.7169214 

38.7298335 

.7427412 

.7556447 

.7685439 

.7814389 

38.7943294 

.8072158 

.8200978 

.8329757 

.8458491 

38.8587184 

.8715834 

.8844442 

.8973006 

.9101529 

38.9230009 

.9358447 

.9486841 

.9615194 

.9743505 

38.9871774 

39.0000000 

.0128184 

.0256326 

.0384426 

39.0512483 

.0640499 

.0768473 

.0896406 

.1024296 

39.1152144 

.1279951 

4407716 

.1535439 

.1663120 

39.1790760 

.1918359 

.2045915 

.2173431 

.2300905 

39.2428337 

.2555728 

.2683078 

.2810387 

.2937654 

39.3064880 

.319206S 

.3319208 

.3446311 

.3573373 

39.3700394 

.3827373 

.3954312 

.4081210 

.4209067 

39.4334883 

,4461658 

.4588393 

.4715087 

.4841740 

39.4968353 

IL4344092 

.4369581 

.4395056 

.4420525 

.4445980 

11.4471424 

.4496857 

.4522278 

.4547688 

.4573087 

11.4598474 

.4623850 

•4649215 

.4674568 

.4699911 

11.4725243 

.4750562 

.4776871 

.4801169 

.4826455 

11.4851731 

.4876995 

.4902249 

.4927491 

.4952722 

11.4977942 

.5003151 

.5028348 

.5053535 

.5078711 

11.5103876 

.5129030 

.5154173 

.5179305 

.5204425 

11.5229535 

.5254634 

.5279722 

.5304799 

.5329865 

11.5354920 

.5379965 

.5404998 

.5430021 

.5455033 

11.5480034 

.5505025 

.5530004 

.5554973 

.5579931 

11.5604878 

.5629815 

.5654740 

.5679655 

.5704559 

11.5729453 

.5754338 

.5779208 

.5804069 

.9828916 

11.5853756 

.5878588 

.5903467 

.8928215 

.5953013 

11.6977796 



40 


HANDBOOK OF APPLIED MATHEMATICS 


2, --Squarbs, Cubes. Squarb Roots. Cube Roots* op Numbers 
1 TO 1600—Concluded. 


No.] Square Cube. I Sq. Rt Cu. Rt INo. Square 


Cube. 


Sq. Rt. 


Cu. Rt. 


1560 2 43 36 


2 43 67 
2 43 98 


64 

1565 

66 

67 


63 2 44 29 


1 2 44 CO 
52 44 92 
52 45 23 
7 2 45 54 

682 45 86 
69 2 46 17 
15702 46 49 
712 46 80 

2 2 47 11 
52 47 43 
42 47 74 


72 

73 

74 

15752 48 06 

76 2 48 37 

77 2 48 69 

78 2 49 00 
792 49 32 

1560 2 49 64 


003 796 416 
21 3 803 72J 
44 3 811 036 
693 818 360 
96 3 825 694 
25 3 833 037 
563 840 389 
89 3 847 751 
24 3 855 122 
61 3 862 503 
00 3 869 893 
41 3 877 292 
84 3 884 701 
29 3 892 119 
76 3 899 547 
253 906 984 
763 914 430 
29 3 921 887 
84 3 929 352 
41 3 936 827 
00» 944 312 


139.4968353 
.5094925 
.5221457 
.5347948 
.5474399 
39.5600809 
.5727179 
.5853508 
.5979797 
.6106046 
[39.6232255 
.6358424 
.6484552 
.6610640 
.6736688 
[39.6862696 
.6988665 
.7114593 
.7240481 
.7366329 
000139.7492138 


.5977791 

.6002576 

.6027342 

.6052097 

.6076841 

.6101575 1 

.6126299 

.6151012 

.6175715 

.6200407 

.6225088 

.6249759 

.6274420 

.6299070 

.6323710 

.6348339 1 

.6372957 

.6397566 

.6422164 

.64467511 

.647132« 


I9|I580| 

81i 
82 

83 

84 
58 ^ 

86 

871 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

[15902 

91 

92 

93 

94 
595 

96 

97 


563 


22 
32 
42 
52 
2 
2 
2 
99 2 
[16002 


49 64 00 

49 95 6r 

50 27 24 
50 58 89 

50 90 

51 22 
51 53 

51 85 

52 17 
52 49 21| 

52 81 

53 12 81 
53 44 64] 

53 76 49 

54 08 
54 40 

54 72 

55 04 
55 36 

55 68 01| 

56 00 


3 944 
3 951 
3 959 
3 966 
974 
981 


253 
96 3 989 
69'3 


996 
004 
[4 012 
019 
4 027 
4 034 
4 042 
050 
057 
065 
073 
04 4 080 
01 4 088 
00)4 096 


444 


004 


36 4 
254 
16 4 
094 


312 000|: 
805 94 li 
309 368 
822 287 
344 704 
876 
418 056 
969 003 
529 472 
099 469 
679 
268 071 
866 688 
474 857 
092 584 
719 
356 7361 
003 173 
659 192 
324 799[ 
000 


000)40. 


39.7492138 
.7617907 
.7743636 
.7869325 
.7994975 
19.8120585 
.8246155 
.8371686 
.8497177 
.8622628 
19.8748040 
.8873413 
.8998747 
.9124041 
.92492951 
19.937451 li 
.9499687 
.9624824 
.9749922 
.9874980 
i.OOOUOOO 


11.1 


.6471329 

.649589S 

.6520452 

.6544998 

.6569534 

.6594059 

.6618574 

.6643079 

.6667574 

.6692058 

.6716532 

.6740996 

.6765449 

.6789892 

.6814325 

.6838748 

.6863161 

.6887563 

.6911955 

.6936337 

.6960709 


2a.— Squares op Numbers 1600 to 1810. 


No. 

Square. 

No. 

Square. 

No. 

;■ 1 

111 . 

No. 

Square 

No. 

Square. 

No. 

Square. 

1600 

2560000 

1635 

2673225 

1670 

2788900 

1705 

2907025 

1740 

3027600 

1775 

3150625 

01 

2563201 

36 

2676496 

71 

2792241 

06 

2910436 

41 

3031081 

76 

3154170 

02 

2566404 

37 

2679769 

72 

2795584 

07 

2913849 

42 

3034564 

77 

3157729 

03 

2569609 

38 

2683044 

73 

2798929 

08 

2917264 

43 

3038049 

78 

3161284 

04 

25728ie 

39 

2686321 

74 

2802276 

09 

2920681 

44 

3041536 

79 

3164841 

1605 

2576025 

1640 

2689600 

1675 

2805625 

1710 

2924100 

1745 

3045025 

1780 

3168400 

06 

2579236 

41 

2692881 

76 

2808976 

11 

2927521 

46 

3048516 

81 

3171961 

07 

2582449 

42 

2696J64 

77 

2812329 

12 

2930944 

47 

3052009 

82 

3175524 

08 

2585664 

43 

2699449 

78 

2815684 

13 

2934369 

48 

3055504 

83 

3179089 

09 

2588881 

44 

2702736 

79 

2819041 

14 

2937796 

49 

3059001 

84 

3182656 

1610 

2592100 

1645 

2706025 

1680 

2822400 

1715 

2941225 

1750 

3062500 

1785 

3186225 

11 

2595321 

46 

2709316 

81 

2825761 

36 

2944656 

51 

3066001 

86 

3189796 

12 

2598544 

47 

2712609 

82 

2829124 

17 

2948089 

52 

3069504 

87 

3193369 

13 

2601769 

48 

2715904 

83 

2832489 

38 


53 

3073009 

88 

3196944 

14 

2604996 

49 

2719201 

84 

2835856 

19 

2954961 

54 

3076516 

89 

3200521 

1615 

2608285 

1650 

2722500 

1685 

2839225 

1720 

Emm 

1755 

3080025 

1790 

3204100 

16 

2611456 

51 

2725801 

86 

2842596 

21 

2961841 

56 

3083536 

91 

3207681 

17 

2614689 

52 

2729104 

87 

2845969 

22 

2965284 

57 

3087049 

02 

3211264 

18 

2617624 

53 

2732409 

88 

2849344 

23 

2968729 

58 

3090564 

93 

3214849 

19 

2621161 

64 

2735716 

89 

2852721 

24 

2972176 

59 

3094081 

94 

3218436 

1620 

2624400 

1655 

2739025 

1690 

2856100 

1725 

2975625 

1760 

3097600 

1795 

3222025 

21 

2627641 

66 

2742336 

91 

2859481 

26 

2979076 

61 

3101121 

96 

3225616 

22 

2630884 

57 

2745649 

92 

2862864 

27 

2982529 

62 

3104644 

97 

3229209 

23 

2634129 

68 

2748964 

93 

2866249 

28 

2985984 

63 

3108169 

98 

3232804 

24 

2637376 

59 

2752281 

94 

2869636 

29 

2989441 

64 

3111696 

99 

3236401 

1625 

2640625 

1660 

2755600 

1695 

2873025 

1730 

Emm 

1765 

3115225 

1800 

3240000 

26 

2643876 

61 

2758921 

96 

2876416 

31 

2996361 

66 

3118756 

01 

3243601 

27 

9647129 

62 

2762244 

97 

2879809 

32 

2999824 

67 

3122289 

02 

3247204 

28 

2650384 

63 

2765569 

98 

2883204 

33 


68 

3125824 

03 

3250809 

29 

2653641 

64 

2768806 

99 

2886601 

34 

igtiiV/iT.ll 

69 

3129361 

04 

3254416 

1630 

2656900 

1665 

2772225 

1700 

2890000 

1735 

3010225 

1770 

3132900 

1805 

3258025 

81. 

2660161 

66 

2775556 

01 

2893401 

36 

3013696 

71 

3136441 

06 

3261636 

32 

2663424 

67 

2778889 

02 

2896804 

37 

3017169 

72 

3139984 

07 

3265240 

83 

2666689 

68 

2782924 

03 

2900209 

33 

3020644 

73 

3143529 

08 

3268864 

84 

2669956 

69 

2785561 

04 

2903616 

39 

3024121 

74 

3147076 

00 

3272481 

1625 

2673225 

1670 

2788900 

1705 

2907025 

1740 

3U27600 

1775 

3150625 

1810 

3276100 
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^b.—S quabb Roots and Cobb Roots or Nttubbbs 
1600 TO 1860. 


No. 

SQs At. 

Cu. Rt' 

No. 

Sq. Rt. 

Cu. Rt. 

No. 

sq. Rt. 

CU. Rt. 

No. 

Sq. Rt. 

CU. Rt. 

1600 

40.0000 

11.6961 

1665 

40.8044 

11.8524 

1730 

41.5933 

12.0046 

1795 

42.3674 

12.1531 

1 

.0125 

.6985 

66 

.8167 

.8547 

31 

.6053 

.0069 

96 

.3793 

.1554 

2 

.0250 

.7009 

67 

.8289 

.8571 

32 

.6173 

.0093 

97 

•3910 

.1576 

3 

.0375 

.7034 

68 

.8412 

.8595 

33 

.6293 

.0116 

98 

.4028 

.1599 

4 

.0500 

.7058 

69 

..8534 

.8618 

34 

.6413 

.0139 

99 

.4146 

.1623 

1605 

40.0625 

11.7082 

1670 

40.8656 

11.8642 

1735 

41.6533 

12.0162 

L800 

42.4264 

12.1644 

6 

.0749 

.7107 

71 

.8779 

.8666 

36 

.6653 

.0185 

1 

.4382 

.1667 

7 

.0874 

.7131 

72 

.8901 

.8689 

37 

.6773 

.0208 

2 

.4500 

.1689 

8 

.0999 

.7155 

73 

.9023 

.8713 

38 

.6893 

.0231 

3 

.4617 

.1712 

9 

.1123 

.7180 

74 

.9145 

.8737 

39 

.7013 

.0254 

4 

.4735 

.1734 

1610 

40.1248 

11.7204 

1675 

40.9268 

11.8760 

1740 

41.7133 

12.0277 

1805 

42.4853 

12.1757 

11 

.1373 

.7228 

76 

.9390 

.8784 

41 

.7253 

.0300 

6 

.4971 

.1779 

12 

.1497 

47252 

77 

.9512 

.8808 

42 

.7373 

.0323 

7 

.5088 

.1803 

13 

.1622 

.7277 

78 

.9634 

.8831 

43 

.7493 

.0346 

8 

.5206 

.1824 

14 

-1746 

.7301 

79 

.9756 

.8855 

44 

.7612 

.0369 

9 

.5323 

.1846 

1615 

40.1871 

11.7325 

1680 

40.9878 

11.8878 

1745 

41.7732 

12.0392 

1810 

42.5441 

12.1869 

16 

.1995 

.7350 

81 

41.0000 

.8902 

46 

.7852 

.0415 

11 

.5558 

.1891 

17 

.2119 

.7373 

82 

.0122 

.8926 

47 

.7971 

.0438 

12 

.5676 

.1914 

18 

.2244 

.7398 

83 

.0244' 

.8949 

48 

.8091 

.0461 

13 

.5793 

.1936 

19 

.2368 

.7422 

84 

.0366 

.8973 

49 

.8210 

.0484 

14 

.5911 

.1959 

1620 

40.2492 

11.7446 

1685 

41.0488 

11.8996 

1750 

41.8330 

12.0507 

1815 

42.6028 

12.1981 

21 

.2616 

.7470 

86 

.0609 

.9020 

51 

.8450 

,0530 

16 

.6146 

.2003 

22 

.2741 

.7494 

87 

.0731 

.9043 

52 

.8569 

.0553 

17 

.6263 

.2026 

23 

.2865 

.7518 

88 

•.0853 

.9067 

53 

.8688 

.0576 

18 

.6380 

.2048 

24 

.2989 

.7543 

89 

.0974 

.9090 

54 

.8808 

.0599 

19 

.6497 

.2071 

1625 

40.3113 

11.7567 

1690 

41.1096 

11.9114 

1755 

41.8927 

12.0622 

1820 

42.6615 

12.2093 

26 

.3237 

.7591 

91 

.1218 

.9137 

66 

.9047 

.0645 

21 

.6732 

.2115 

27 

.3361 

.7615 

92 

.1339 

.9161 

57 

.9166 

•0668 

22 

.6849 

.2138 

28 

.3485 

.7639 

93 

.1461 

.9184 

58 

.9285 

.0690 

23 

.6966 

.2160 

29 

.3609 

.7663 

94 

.1582 

.9208 

59 

.9404 

.0713 

24 

.7083 

.2182 

1630 

40.3733 

11.7687 

1695 

41.1704 

11.9231 

1760 

41.9524 

12.0736 

1825 

42.7200 

12.2205 

31 

.3856 

.7711 

96 

.1825 

.9255 

61 

.9643 

.0759 

26 

.7317 

.2227 

32 

.3980 

.7735 

97 

.1947 

.9278 

62 

.9762 

.0782 

27 

.7434 

.2249 

33 

.4104 

.7759 

98 

.2068 

.9301 

63 

.9881 

.0805 

28 

,7551 

.2273 

34 

.4228 

.7783 

99 

.2189 

.9325 

64 

42.0000 

.0828 

29 

.7668 

.2294 

1635 

40.4351 

11.7807 

1700 

41.2311 

11.9348 

1765 

42.0119 

12.0850 

1830 

42.7785 

13.2316 

36 

.4475 

.7831 

1 

.2432 

.9372 

66 1 

.0238 

.0873 

31 

.7902 

.2338 

37 

•4599 

.7855 

2 

.2553 

.9395 

67 

.0357 

.0896 

32 

.8019 

.2361 

38 

.4722 

.7879 

3 

.2674 

9418 

68 ! 

.0476 

.0919 

33 

.8135 

.2383 

39 

.4846 

.7903 

4 

.2795 

.9442 

69 

.0595 

.0942 

34 

.8252 

.2405 

1640 

40.4969 

11.7927 

1705 

41.2916 

11.9465 

1770 

42.0714 

12.0964 

1835 

42.8369 

12.2427 

41 

1 .5093 

.7951 

6 

.3038 

.9489 

71 

.0833 

.0987 

36 

.8486 

.2450 

42 

1 .5216 

.7975 

7 

.3159 

.9512 

72 

.0951 

.1010 

37 

.8602 

.2473 

43 

.5339 

.7999 

8 

.3280 

.9535 

73 1 

.1070 

.1033 

38 

.8719 

.2494 

44 

.5463 

.8023 

9 

.3401 

.9559 

74 

.1189 

.1056 1 

39 

.8836 

.2516 

1645 

40.5586 

11.8047 

1710 

41.3521 

11.9582 

1775 

42.1307 

12.1078 

1840 

42.8952 

12.2539 

46 

i .5709 

.8071 

11 

.3642 

.9605 

76 

.1426 

.1101 

41 

.9069 

.2561 

47 

1 .5832 

.8095 

12 

.3763 

.9628 

77 

.1545 

.1124 

42 

.9185 

.2583 

48 

i .5956 

i .8119 

13 

.3884 

.9652 

78 

.1663 

.1146 

43 

.9302 

.2605 

49 

.6079 

.8143 

14 

.4005 

.9675 

79 

.1782 

.1169 

44 

.9418 

.2627 

1650 

40.6202 

11.8167 

1715 

41.4126 

11.9698 

1780 

42.1900 

12.1192 

1845 

42.9535 

12.2649 

51 

.6325 

.8190 

16 

.4246 

.9722 

81 

.2019 

.1215 

46 

.9651 

.2672 

52 

.6448 

.8214 

17 

.4367 

.9745 

82 

.2137 

.1237 

47 

.9767 

.2694 

53 

.6571 

.8238 

18 

.4488 

.9768 

83 

.2256 

.1260 

48 

.9884 

.2716 

54 

.6694 

.8262 

19 

i4608 

.9791 

84 

.2374 

.1283 

49 

43.0000 

.2738 

1655 

40.6817 

11.8286 

1720 

41.4729 

11.9815 

1785 

42.2493 

12.1305 

1850 

43.0116 

12.2760 

56 

.6940 

.8310 

21 

.4849 

.9838 

86 

.2611 

.1328 

51 

.0232 

.2782 

57 

.7063 

.8333 

22 

.4970 

.9861 

87 

.2729 

.1350 

52 

.0349 

.2804 

58 

.7185- 

.8357 

23 

.5090 

.9884 

88 

.2847 

.1373 

53 

.0465 

.2826 

59 

.7308 

.8381 

24 

.5211 

.9907 

89 

.2966 

.1396 

54 

.0581 

.2849 

1660 

40.7431. 

11.8405 

1725 

41.5331 

11.9931 

1790 

42.3084 

12.1418 

1855 

43.0697 

12.2871 

61 

.7554 

.8429 

26 

.5452 

.9954 

91 

.3202 

.1441 

56 

.0813 

.2893 

62 

.7676 

.8452 

27 

.5572 

.9977 

92 

.3320 

.1464 

57 

.0929 

.2915 

63 

.7799 

.8476 

28 j 

.5692 

12.0000 

93 

.3438 

.1486 

58 

.1045 

.2937 

64 

.7922 

.8500 

29 

.5812 

.0023 

94 

.3556 

.1509 

59 

.1161 

.2959 

1665 

40.8044 

11.8524 

1730 

41.5933 

12.0046 

1795 

42.3674 

12.1531 

1860 

43.1277 

13.2981 
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2c.—S quakbs op Mixed Numbers from Vi to 12, bt 64 ths 


I. Squarbs or Mixed Numbers from it to 6. 



1.03149 

X. 06348 
1.0939s 
1.12891 
1.16235 
1.19629 
1.23071 j 
1.26562 
1.30103 


4.06274 

4.12598 

4.18970 

4.25391 

4.3x860 

4.38379 

4.44946 

4.51562 

4.5S228 


3 


9.09399 

9.18848 

9 . 2834 s 

9.37891 

9 . 4748 s 

9-57129 

9.66821 

9.76562 

9.86353 


16.12524 
16.25098 
16.37720 
16.50391 
x6.63x10 

16.75879 

16.88696 

17.0x562 

17.14478 



25.15649 

«S.3134S 

^ 5.47095 

25.62891 

25.78735 

25.94629 

26.10571 

26.26562 

26.42603 


0.02441 1.33691 4.64941 9.96x91 17.27441 26.58691 


0.02954 1.37329 4.71704 10.06079 17.40454 26.74829 
0.035x6 1.410x6 4.78516 xo.x6ox6 17.535x6 26.9x0x6 
0.04126 1.44751 4.85376 X0.2600X 17.66626 27.07251 
0.0478s 1.48535 4.9228s 10.36035 17.79785 27.23535 

0.05493 X. 52368 4.99243 10.46x18 X 7 .92993 27.39^ 
0.06250 1.56250 5.06250 xo. 56250 18.06250 27,56250 
0.07056 1.60181 5.13306 10,66431 x8.19556 27.72681 
0.079x0 1.64x60 5.204x0 10.76660 18.329x0 27.89x60 
0.08813 1.68x88 5.27563 10.86938 18.463x3 <28.05688 
0.09766 1.72266 5.34766 xo.97266 18.59766 28.22266 
0.X0767 1.76392 5.42017 IX. 07642 18.73267 28.38892 
o.1x8x6 X. 80566 5*49316 XX. 18066 18.868x6 28.55566 
o. 129x5 X. 84790 5*56663 IX. 28540 19.004x5 28.72290 
0.14062 1.8^2 5.64062 XX. 39062 X9.i4<^2 28.89062 
0.15259 1.93384 5.71509 11.49634 19.27759 29.05884 
0.16504 1.97754 5.79004 11.60254 19.41504 29.22754 
0.17798 2.02173 5.86548 21.70923 19.55298 29.39673 
0.19x41 2.06641 5.94x41 XX.8x641 19.69x41 29.56641 
0.20532 2.11157 6.0x782 IX. 92407 19.83032 29.73657 
0.21973 2.15723 6.09473 12.03223 19.96973 29.90723 
0.23462 2.20337 6.172x2 12.14087 20.X0962 30.07837 
0.25000 2.25000 6.25000 12.25000 20.25000 30.25000 
0.26587 2.297x2 6.32837 12.35962 20.39087 30.422x2 
0.28223 2.34473 6.40723 12.46973 20.53223 30.59473 
0.29907 2.39282 6.48657 12.58032 20.67407 30.76782 
0.3x641 2.44x41 6.56641 12.69x41 20.8x641 30.94x41 
0.33423 2.49048 6.64673 12.80298 20.95923 31.1x548 
0.35254 2.54004 6.72754 12.91504 21.10254 31.29004 
0.37134 2.59009 6.80884 13.02759 21.24634 31.46509 
0.39062 2.64062 6.89062 13.14062 21.39062 31.64062 
0.4x040 2.69x65 6.97290 13.254x5 21.53540 31.81665 
0.43066 2.74316 7.05566 13.368x6 21.680^ 3X.993X6 
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2c.—S qitakeb op Mixed Nombbbs from -fi to 6— Continued. 


7.t3S0» 

7.33366 

7.30688 

7.39x60 

7.47681 

7.56250 

7.64868 

7.73535 

7 . 8 * 25 * 

7.910x6 

7 . 996*9 

8.0869X 
8.17603 
8.36563 

8.35571 

8.44639 

8.53735 

8.63891 

8.7*095 

8.8x348 

8.90649 



3.34*04 

3.3994* 

3 . 457*8 

3.51563 

3.57446 

3.63379 

3.69360 

3 . 7539 * 

3.8x470 

3.87598 

3.93774 
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2d , —Squares of Mixed Numbers from 6 ^ to 12— Continued 



*%* 

»%4 

•%4 

% 

*%4 

!%• 

C%4 

»%S 

•%4 

% 

»%4 

»%• 

<%4 



39-25806 52-78931 
39.45410 53.01660 
39.65063 53.24438 
39.84766 53.47266 
40.04517 53.70142 
40.24316 53.93066 
40.44165 54.16040 
40.64062 54.39063 
40.84009 54.62134 
41.04004 54.85254 

41.24048 55.08423 

41.44141 55.31641 

41.64282 55.54907 
41.84473 55.78223 
42.04713 56.01587 
43.35000 56.25000 
42.45337 56.48462 
42.65723 56.71973 

42.86157 56.95532 
43.06641 57.19141 
43.27173 57.42798 

43.47754 57.66504 
43-68384 57.90259 
43.89062 58.14063 

44.09790 58.37915 
44.30566 58.61816 
44.51392 58.85767 
44.72266 59*09766 
44.93188 59.33813 
45.14160 59.57910 
45.35181 59-82056 
45^6350 60.06350 

45-77368 60.30493 
45.98535 60,5478s 
46.19751 60.79126 
46.41016 61.03516 
46.62339 61.27954 
46.83691 61.53441 
47.05x03 61.76978 
47.26562 63.OXj^3 
47.48071 63.36x96 
47.69639 63.508^ 
47.91235 63.756X0 
48.X389X 63.00391 
48.34595 63.35220 
48.56348 63.50098 
48.78X49 63.75024 


8 


68.32056 
68.57910 
[ 68.83813 
69.09766 
69,35767 

69.61816 

69.87915 

70.14062 
70.40259 
70.66504 
70.92798 

71.19141 

71.45532 

71-71973 

71.98462 

72.35000 

73.51587 

72.78223 

73-04907 

73.31641 

73.58423 

73.85254 

74.12x34 

74.39063 

74.66040 

74.93066 

75.30143 

75-47266 

75.74438 

76.01660 

76.38931 

76.56250 

76.836x8 

77.11035 

77-38501 

77.660x6 

77.93579 

78.3x191 

78.48853 

78.7656a 

79.04321 

79.32129 

79.59985 

79.87891 

80.15845 

80.43848 

80.71899 


85.85181 
I 86.14x60 
86.43188 
86.73266 
87.01393 
87.30566 
87-59790 
87.89062 
88.18384 

88.47754 

88.77173 

89.06641 

89.36157 

89.65723 

89.95337 

90.25000 
90.54712 
90.84473 
9x.14282 

91.44141 
9t.74048 
93.04004 
93.34009 
93.64063 
93.94165 
93.34316 

93.54517 

93 - 84766 
94.15063 

94 - 45410 

94.75806 

95.06350 

95 - 36743 
95-67*85 
95-97876 
96.385x6 
96.59*04 
96.89941 
97.30738 
97.51563 

97- 83446 

98 - 13379 

98-44360 j 

98- 7539* i 
99.06470 ! 

99- 37598 
99-68774 


XO 

105.38306 
105.70410 
X06.02563 
xo6.34766 
X06.67017 
106.99316 
107.3x665 
107.64062 

107.96509 

108.29004 
xo8.61548 

108.94x41 

X09.26782 

109.59473 

109.922x2 
IXO. 25000 

110.57837 

1 X0.90723 
XXI.23657 
1XX.5664X 
XXX.89673 
XI2.22754 
1x2.55884 
112.89062 
1x3.22290 
113.55566 
1x3.88892 
X14.22266 
114.55688 
1x4.89160 
1x5.22681 
1x5.56250 
1x5.89868 
1X6.23535 
1x6.57251 
1x6.9x016 
1x7.24829 
1x7.58691 
X17.92603 
1x8.26562 
1x8.60571 
1x8.94629 

1x9.28735 

1x9.62891 

119.97095 

120.3X348 

120.65649 


XI 


126.91431 

127.26660 

127.6x938 

127.97266 

128.32642 

128.68066 

129.03540 

129.39062 

129.74634 

130.X0254 
130.45923 
130.8x641 
131.17407 
131.53223 

131.89087 

132.25000 

132.60962 

132.96973 

133.33032 

133.69141 

134.05298 

134.41504 

134.77759 

135.14062 

135.50415 

135.868x6 

136.23267 

136.59766 

136.96313 

137.32910 

137.69556 

138.06250 

138.42993 

138.79785 
139.16626 
139.53516 

139.90454 

140.27441 

140.64478 

141.0x562 

141.38696 

141.75879 

X42.13110 

142.50391 

142.87720 

143.25098 

143.62524 
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frequently most convenient to change the fraction to a decimal 
first and then extract the square root. 

Ratio and Proportion.—The ratio of two numbers is. the rela¬ 
tion which the value of the first bears to the value of the'second 
and this relation is indicated by the sign ( : ). Thus, 3 : 4 is the 
ratio of 3 to 4. Ratio is equivalent to the fraction obtained by 
dividing the first number by the second. Thus, f also expresses 
the ratio of 3 to 4. 

An expression consisting of two equal ratios is called a pro¬ 
portion, It is written, 3:4 = 9:12, and read, 3 is to 4 as 9 is to 
12.^^ The first and last, or the end,” numbers are called the 
extremes and the second and third, or the middle, numbers are 
called the means. Since a ratio may also be expressed as a frac¬ 
tion, then a proportion may also be set upon, f 

Illustration: If the diameter of a gear is 13.53 inches and the 
circumference is 42.5 inches, find the ratio of the diameter to the 
circumference. 


13.53 

42.5 


= 0.3183 


Therefore, the ratio of the diameter to the circumference is 0.3183. 
The above value is the same as that obtained by dividing 1 by 
3.1416; that is, in any circle the ratio of the diameter to the 
circumference is 1 -f- tt. Thus, it is evident that ratio is 
always the quotient obtained by dividing the first number by 
the second. 

Proportion is one of the most useful tools in mathematical 
calculation. It is the key to many of its operations. Indeed, 
practically all mathematical problems may be expressed in pro¬ 
portion. 

Rules of Proportion.—Proportion derives its great usefulness 
from the fundamental rule which states that the product of (he means 
equals the product of the extremes. Thus, in the proportion 3:4 = 
9 : 12, according to the rule, 4X9 (the product of the means) 
=3 X 12 (the product of the extremes) = 36. Then, when three 
terms of a proportion are known, the fourth can be found. For 
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example, if it takes twenty days to build five lathes, how long will 
it take to build fifteen lathes at the same rate? 


whence 


x : 20 == 15 : 5 

3 

^ ~ =: 00 days (Ans.) 


Where one extreme and both means are known, to find the other 
extreme, divide the product of the means by the known extreme. 

Where both extremes and one mean are known, to find the other 
mean, divide the product of the extremes by the known mean. 

For the purpose of illustrating these rules, replace the figures in 
a proportion by the letters A, B, C, D, and write A : B = C : D; 
then 


AXD = Bxe,| = |, ^ = 


BXC „ AXD „ A XD 


Triangles may be used advantageously in illustrating ratio 
and proportion. Thus, let us say, if a train travels 260 miles in 

8 hours, how far will it travel in 6 
hours? Draw a triangle letting the 
base represent the distance (260 mi.) 
and a leg the time 8 hours. Then 
draw another leg parallel to the first 
2^0 and of a length in proportion to the 

Fiq. 1 , first as 5 is to 8 . Then the distance x 

represents the distance which the train 
will travel in 5 hours because from similar triangles, and 

a: : 260 = 5 : 8 

5 X 260 

X =-T-= 162.5 miles (Ans.) 



whence 
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Inverse Proportion.—In the preceding problems the ratio of 
the elements of one figure was equal to the ratio of the correspond¬ 
ing elements of the other figure, that is, directly proportional. 
When the ratio is equal to the inverse of that ratio the elements 
are said to be inversely proportional. 

The speed of pulleys connected by belts are inversely propor¬ 
tional to their diameters, i.e., the smaller pulley rotates faster 
than the larger pulley. 

Illus'cration: A 24-inch pulley fixed to a line shaft which 
makes 400 revolutions per minute (R.P.M.) is belted to a 6-inch 
pulley. Find the number of R.P.M. of the smaller pulley. 

R.P.M. R.P.M. Diameter Diameter 

of of of of 

Driven : Driving = Driving : Driven 

Pulley Pulley Pulley Pulley 

, Fig. 2. 

X : 400 = 24 : 6 



400 XZ4 

whence x =--- 

0 


= 1600R.P.M. (Ans.) 


Likewise, the speeds of gears running together are inversely 
proportional to their number of teeth. 

Illustration; A driving gear with 48 teeth meshes with a 
driven gear with 16 teeth. If the driving gear makes 100 R.P.M. 
find the number of R.P.M. made by the driven gear. 


100 

ap.m: 


R.P.M. R.P.M. No. of Teeth No. of Teeth 
of Driven : of Driving=of Driving : on Driven 
iv Gear Gear Gear Gear 

10 T 


Fig. 3. 


X 


100 


48 


16 
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3 

100 y 

whence x = - = 300 R.P.M. (Ans.) 

Z0 

Pulley Train.—A pulley train is a series of pulleys connected 
by belting, the power coming from one of the pulleys. 



(f O j 

D- Illustration: In the sketch at the 



I right, find the R.P.M. of the 6-inch 


Fig. 4. 


pulley. 


R.P.M. of R.P.M. of Product of Product of 
Last Driven : First Driving = Diameters of : Diameters of 
Pulley Pulley All Driving All Driven 

Pulleys Pulleys 

X : 200 = (15 X 12) : (10 X 6) 

20 2 

^ 200 X 15 XT2 . 

whence x = - —— - = 600 R.P.M. (Ans.) 


Gear Train.—A gear train is a series of gears running 
together. 


Illustration: In the sketch at 
the right find the R.P.M, of the 
36 T. gear. 



R.P.M. of R.P.M. of 

Product of 

Product of 

Last Driven : First Driving 

= Number of 

: Number of 

Gear Gear 

Teeth of 

Teeth of 


Driving Gears 

Driven Gears 

X : 75 

= (72 X 64) 

: (24 X 36) 

25 2 8 



70 X 72 X M 



whe.ce 

0 

= 400 R.P.M. 

(Ans.) 
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Inverse proportion can be used to solve other types of problems. 
For instance in manufacturing plants the time per week is in an 
inverse proportion to the number of men employed; Uie shorter 
the time, the more men. ^ 

Illustration: A factory employing 300 men completes a 
given number of vacuum cleaners weekly, the number of 
working hours being 40 per week. How many men would be 
required for the same production if the working hours were 
reduced to 30 per week? 


X : 300 = 40 : 30 


whence 


10 

300 X 40 


= 400 


therefore, 400 men would be needed for the same production. 

Compound Proportion.—A compound proportion is a propor¬ 
tion which has one of its ratios a compound ratio, that is, a ratio 
expressed by a fraction that is the product of fractions represent¬ 
ing given ratios. Thus, the ratios 3 : 4 and 5 : 7 are represent/ 3 d 
by the fractions f and and the ratio 15 : 28 which is represented 
by if, the product of f and f, is said to be compounded of the 
ratios 3 : 4 and 5 : 7. 

Problems in compound proportion are solved by the cause and 
effect method which is based on the following principle. Like 
causes produce like effects; and the ratio between any two causes 
equals the ratio between the effects produced. 


Illustration: If a mechanic who machines 70 pieces in a 
9-hour day is paid 36 cents per hour, find how much a man ought 
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to be paid who machines 80 similar pieces in an 8 -hour day if paid 
in the same proportion. 

Make up a table with four columns headed “ First Cause,” 
“ First Effect,” “ Second Cause,” “ Second Effect,” and place 
under each the respective factors given in the problem. In the 
example above, the table would be as follows: 


First Cause 

First Effect 

Second Cause 

Second Effect 

1 man 

70 pieces 

1 man 

80 pieces 

9 hours 


8 hours 


35 cents 


X cents 



whence 


and 


(1 X 9 X 35) : 70 = (1 X 8 X x) : 80 
10 

7 X 9 X 35 X 80 ^ 90 ^ 4 . 

70 XX XS 2 ^ 

2 


Therefore, the second operator should receive 45 cents an hour. 

Reciprocals.—^The use of reciprocals facilitates computations 
in long division particularly when many different dividends are 
to be divided by the same divisor. 

Iix.ubtra.tion: 7246 -i- 1572. 

From the table on page 58 find the reciprocal of 1572, 
0.0006.36132. 
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TABLE 3 


3. —^Reciprocals, 1 to 200 


No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

1 

1.0000000 

SI 

0.0x96078 

XOX 

0.00990x0 

151 

0.0066225 

2 

0.5000000 

52 

0.0x92308 

102 

0.0098039 

152 

0.0065789 

3 

0.3333333 

53 

0.0x88679 

103 

0.0097087 

153 

0.0065359 

4 

0.2500000 

54 

0.0185x85 

104 

0 0096154 

154 

0 006493s 

5 

0.2000000 

55 

0.01818x8 

105 

0.0095238 

155 

0.0064516 

6 

0.1666667 

S6 

0.0x78571 

106 

* 0.0094340 

156 

0.0064103 

7 

0.1428571 

57 

0.0175439 

107 

0.0093458 

157 

0.0063694 

8 

0.1250000 

58 

0.01724x4 

108 

0.0092593 

158 

0.0063291 

9 

0. iiiiiii 

59 

0.0169492 

109 

0.009x743 

159 

0.0062893 

lO 

0.1000000 

60 

0.0166667 

1X0 

0.C090909 

160 

0.0062500 

IX 

0.0909091 

6x 

0.0163934 

111 

0.0090090 

x6i 

0.0062x12 

12 

0.0833333 

62 

0.0161290 

112 

0.0089286 

162 

0.0061728 

13 

0.0769231 

63 

0.0158730 

113 

0.0088496 

163 

0.0061350 

14 

0.0714286 

64 

0.0156250 

114 

0.0087719 

164 

0.0060976 

IS 

0.0666667 

6s 

0.0153846 

II5 

0.0086957 

16s 

0.0060606 

X6 

0.0625000 

66 

0.015x5x5 

116 

0.0086207 

x66 

0.0060241 

17 

0.0588235 

67 

0.0149254 

117 

0.0085470 

167 

0.00598^ 

i8 

0.0555556 

68 

0.0147059 

118 

0.0084746 

x68 

0.0059524 

19 

0.0526316 

69 

0.0144928 

119 

0.0084034 

169 

0.0059172 

20 

0.0500000 

70 

0.0x42857 

120 

0.0083333 

170 

0.0058823 

21 

0.0476190 

71 

0.0x4084s 

121 

0.0082645 

171 

0.0058480 

22 

0.0454545 

72 

0.0138889 

122 

0.008x967 

172 

0.0058140 

23 

0.0434783 

73 

0.0136986 

123 

0.0081301 

173 

0.0057803 

24 

0.0416667 

74 

0.0x35135 

124 

' 0.0080645 

174 

0.0057471 

25 

0.0400000 

75 

1 0.0133333 

125 

0.0080000 

175 

0.0057x43 

26 

0.0384615 

76 

0.0131579 

126 

0.0079365 

176 

0.00568x8 

27 

0.0370370 

77 

0.6129870 

127 

0.0078740 

177 

0.0056497 

28 

0.0357x43 

78 

0.0128205 

1 128 

0.0078125 

178 

0.0056180 

29 

0.0344828 

79 

0.0126582 

129 

0.0077519 

179 

0.0055866 

30 

0.0333333 

80 

0.0125000 

130 

0.0076923 

180 

0.0055556 

31 

0.0322581 

8x 

0.0123457 

131 

0.0076336 

181 

0.0055249 

32 

0.0312500 

82 

0.0121951 

132 

0.0075758 

182 

0.0054945 

33 

0.0303030 

83 

0.0120482 

133 

0.0075188 

183 

0.0054645 

34 

0.0294118 

84 

0.0x19048 

134 

0.0074627 

184 

0^ 0054348 

35 

0.0285714 

85 

0.0117647 

135 

0.0074074 

x8s 

6.0054054 

36 

0.0277778 

86 

0.0116279 

136 

0.0073529 

x86 

0.0053763 

37 

0.0270270 

87 

0.01 14943 

137 

0.0072993 

187 

0.0053476 

38 

0.0263x58 

88 ' 

0.0x13636 

138 

0.0072464 

188 

0.0053191 

39 

0.02564x0 

89 

0.0x12360 

139 

0.007x942 

189 

0.00529x0 

40 

0.0250000 

90 

O.OIIIIII 

140 

0.007x429 

190 

0.0052632 

41 1 

0.0243902 

91 

0.0x09890 

I4I 

0.0070922 

191 

0.0052356 

42 

0.023809s 

92 

0.0108696 

142 

0.0070423 

192 

0.0052083 

43 

0.0232558 

93 

0.0107527 

143 

0.0069930 

193 

0.005x8x3 

44 

0.0227273 

94 

0.0106383 

144 

0.0069444 

194 

0.0051546 

45 

0.0222222 

95 

0.0x05263 

145 

0.0068966 

19s 

0.005x282 

46 

0.0217391 

96 

0.0104167 

146 

0.0068493 

196 

0.005x020 

47 

0.0212766 

97 

0.0103093 

147 

0.0068027 

197 

0.0050761 

48 

0.0208333 

98 

0.010204X 

148 

0.0067568 

198 

0.0050505 

49 

0.0204082 

99 

D.0101010 

149 

0.0067114 

199 

0.0050251 

50 

0.0200000 

100 

0.0100000 

150 

0.0066667 

200 

0.0050000 
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3. —^Reciprocals, 201 to 400 


No. 

Reciprocal 


Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

201 

0.0049751 

251 

0.0039841 

301 

0.0033223 

351 

0.0028490 

202 

0.0049505 

252 

0.0039683 

302 

0.0033113 

352 

0.0028409 

203 

0.0049361 

253 

0.0039526 

303 

0.0033003 

353 

0.0028329 

204 

0.0049020 

254 

0.0039370 

304 

0.0032895 

354 

0.0028249 

205 

0.0048780 

255 

0.0039216 

305 

0.0032787 

355 

0.0028169 

206 

0.0048544 

256 

0.0039063 

306 

0.0032680 

356 

0.0028090 

207 

0.0048309 

257 1 

0.0038911 

307 

0.0032573 i 

357 

0.0028011 

208 

0.0048077 

258 

0.0038760 

308 

0.0032468 

358 

0.0027933 

209 

0.0047847 

259 

0.0038610 

309 

0.0032362 

359 

0.0027855 

210 

0.0047619 

260 

0.0038462 

310 

0.0032258 

360 

0.0027778 

211 

0 00^17393 

261 

0.0038314 

311 

0.0032154 

361 

0.0027701 

212 

0.0047170 

263 

0.0038168 

312 

0.0032051 

362 

0.0027624 

213 

9.0046948 

263 

*0.0038023 

313 

0.0031949 

363 

0.0027548 

214 

0.0046729 

264 

0.0037879 

314 

0.0031847 

364 

0.0027473 

215 

0.0046512 

265 

0.0037736 

31s 

0.0031746 

36s 

0.0027397 

216 j 

0.0046296 

266 

0.0037594 

316 

0.0031646 

366 

0.0027322 

217 

0.0046083 

267 

0.0037453 

317 

0.0031546 

367 

0.0027248 

2i8 

0.0045872 

268 

0.0037313 

318 

0.0031447 

368 

0.0027174 

219 

0.0045662 

269 

0.003717s 

319 

0.0031348 

369 

0.0027100 

220 

0.0045455 

270 

0.te37037 

320 

0.0031250 

370 

0.0027027 

221 

0.0045249 1 

271 

0.0036900 

321 

0.0031153 

371 

0.0026954 

222 

0.0045045 

272 

0.003676s 

322 

0.0031056 

372 

0.0026882 

223 

0.0044843 

273 

0.0036630 

323 

0.0030960 

373 

0.0026810 

224 

0.0044643 

274 

0.0036496 

324 

0.0030864 

374 

0.0026738 

225 

0.0044444 

275 

0.0036364 

32s 

0.0030769 

375 

0.0026667 

226 

0.0044248 

276 

0.0036232 

326 

0.003067s 

376 

0.0026596 

227 

0.0044053 

277 

0.0036101 

327 

0.0030581 

377 

0.0026525 

22S 

0.0043860 

278 

0.0035971 

328 

0.0030488 

378 

0.0026455 

229 

0.0043668 

279 

0.0035842 

339 

0.0030395 

379 

0.0026385 

230 

0.0043478 

280 

0.0035714 

330 

0.0030303 

380 

0.0026316 

231 

0.004,3290 

281 

0.0035587 

331 

0.0030211 

381 

0.0026247 

232 

0.0043103 

282 

0.0035461 

332 

0.0030120 

382 

0.0026178 

233 

0.0042918 

283 

0.P035336 

333 

0.0030030 

383 

0.0026110 

234 

0.0042735 

284 

0.003521I 

334 

0.0029940 

384 

0.0026042 

«35 

0.0042553 

285 

0.0035088 

335 

0 0029851 

38s 

0.0025974 

236 

! 0.0042373 

286 

0,003496s 

336 

0.0029762 

386 

0.0025907 

237 

0.0042194 

287 

0.0034843 

337 

0.0029674 

387 

0.0025840 

.238 

0.0042017 

288 

0.0034722 

338 

0.0029586 

388 

0.0025773 

239 

0.0041841 

289 

0.0034602 

339 

0.0029499 

389 

0.0025707 

240 

0.0041667 

290 

0.0034483 

340 

0.0029412 

390 

0.0025641 

241 

0.0041494 

291 

0.0034364 

341 

0.0029326 

391 

0.0025575 

242 

0.0041322 

292 

0.0034247 

342 

0.0029240 

392 

0.0025510 

243 

0.0041152 

293 

0.0034130 

343 

0.0029155 

393 

0.0025445 

244 

; 0.0040984 

294 

0.0034014 

344 

0.0029070 

394 

0.. 0025381 

24s 

0.0040816 

29s 

l 0.0033898 

345 

0.0028986 

395 

0.0025316 

246 

0.0040650 

396 

! 0.0033784 

346 

0.0028902 

396 

0.0025253 

247 

0.0040486 

297 

0.0033670 

347 

0.0028818 

397 

0.0025189 

248 

0.0040323 

298 

0.0033557 

348 

0.0028736 

398 

0.0025126 

249 

0.0040161 

299 

0^0033445 

349 

0.0028653 

399 

0.0025063 

250 

0.0040000 

300 

0.0033333 

350 

0.0028571 

400 

0.0025000 
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3 . —Riscifrocals, 401 to 600 


No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

401 

0.0024938 

451 

0.0022173 

501 

0.0019960 

551 

0.0018149 

402 

0.0024876 

452 

0.0022124 

502 

0^0019920 

552 

0.00x8116 

403 

0.0024814 

453 

0.0022075 

S03 

0.0019881 

553 

0.0018083 

404 

0.0024752 

454 

0.0022026 

504 

0.0019841 

554 

0.0018051 

40s 

0.0024691 

455 - 

0.0021978 

S05 

0.0019802 

555 

0.00x8018 

406 

0.0024631 

456 

0.0021930 

S06 

0.0019763 

556 

0.00x7986 

407 

0.0024570 

457 

0.0021882 

507 

' 0.0019724 

557 

0.0017953 

408 

0.0024510 

458 

0.0021834 

508 

0.0019685 

SS8 

0.0017921 

46 ^ 

0.0024450 

459 

0.0021786 

509 

0.0019646 

559 

0.0017889 

4x0 

0.0024390 

460* 

0.0021739 

SIO 

0.00:9608 

560 

0.0017857 

411 

0.0024331 

461 

r». 0021692 

511 

0.0019569 

561 

0.0017825 

412 

0.0024272 

462 

0 0021645 

512 

0.0019531 

562 

0.0017794 

413 

0.0024313 

463 

0.0021598 

5*3 

0.0019493 

563 

0.0017762 

414 

0.0024155 

464 

0.0021552 

S14 

O.OOI 94 SS 

564 

0.0017731 

415 

0.0024096 

46s 

0.0021505 

515 

0.00194x7 

56s 

0.00x7699 

416 

0.0024038 

466 

0.0021459 

S16 

0.0019380 

566 

0.0017668 

417 

0.0023981 

467 

0.0021413 

S17 

0.00x9342 

567 

0.0017637 

418 

0.0023923 

468 

0.0021363 

518 

0.0019305 

568 

0.0017606 

419 

0.0023866 

469 

0.0021322 

S19 

0.0019268 

569 

0.0017575 

420 

0.0023810 

470 

0 0021277 

520 

0.0019231 

570 

0.0017544 

421 

0.0023753 

471 

0.0021.231 

521 

0.0019x94 

571 

0.0017513 

422 

0.0023697 

472 

0.0021186 

$22 

0.0019157 

572 

0.0017483 

423 

0.0023641 

473 

0.0021142 

523 

0.0019120 

573 

0.00x7452 

424 

0.0023585 

474 

0 0021097 

524 

0.0019084 

574 

0.0017422 

425 

0.0023529 

475 

0.0021053 

525 

0.0019048 

575 

0.0017391 

426 

0.0023474 

476 

0.0021008 

! 526 

0.001901I 

576 

0.0017361 

♦27 

0.0023419 

477 

0 0020964 

527 

0.0018975 

577 

0.0017331 

428 

0.0023364 

478 

0.0020921 

528 

0.0018939 

578 

0.001730X 

429 

0.0023310 

479 

0.0020877 

529 

0.0018904 

579 

0.0017271 

430 

0.0023256 

4 So 

0.0020833 

530 1 

0.0018868 

580 

0.0017241 

431 

0.0023202 

481 

0 0020790 

531 ; 

0.0018832 

581 

0.00172x2 

132 

0.0023x48 

482 

0.0020747 

532 ; 

0.0018797 

582 

0.0017182 

433 

0.0023095 

483 

0.0020704 

533 

0.0018762 

583 

0.0017153 

434 

0.0023041 

484 

0.0020661 

534 

0.00187^7 

584 

0.0017123 

435 

0.0022989' 

485 

0.0020619 

535 

0.0018692 

585 

0.0017094 

436 

0.0022936 

486 

0.0020576 

536 

0.0018657 

586 

0.0017065 

437 

0.0022883 

487 

0.0020534 

537 

0.0018622 

587 

0.00x7036 

438 

0.0022831 

488 

0.0020492 

538 

0.0018587 

588 

0.00x7007 

439 

0.0022779 

489 

0.0020450 

539 

0.0018553 

589 

0.00x6978 

\40 

0.0022727 

490 

0.0020408 

540 

0.0018519 

590 

0.0016949 

441 

0.0022676 

491 

0.0020367 

541 

0.0018484 

591 

0.0016920 

442 

0.00^2624 

492 

0.0020325 

542 

0.00x8430 

592 

0.0016892 

443 

0.0022573 

493 

0.0020284 

543 

0.00x84x6 

593 

0.0016863 

444 

0.0022523 

494 

0.0020243 

544 

0.00x8382 , 

594 1 

0.0016835 

445 

0.0022472 

495 

0.0^20202 

545 

0.0018349 

595 1 

, 0.0016807 

446 

0.0022422 

496 

0.0020161 

546 

0.00x83x5 1 

596 

0.0016779 

447 

0.0022371 

497 

0 . 0020 I 2 I 

547 

0.00x8282 

597 

0.0016750 

448 

0.0022321 

498 

0.0020080 

548 

0.0018248 

598 

0.0016722 

449 

.0.0022272 

499 

0.0020040 

549 

0.00182x5 

599 

0.00x6694 

450 

0.0022222 

500 

0.0020000 

550 

0.00x8182 

600 

0.0016667 
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3.— ^RBCiPROCAiiS, 601 TO 800 


No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

6oi 

0.00x6639 

651 

0.0015361 

70X 

0.00x4265 

mm 

0.00133x6 

602 

0.00x6611 

652 

0.0015337 

702 

0.001424s 


0.0013298 

603 

0.00x6584 

653 

0.00153x4 

703 

0.0014225 

753 

0.0013280 

604 

0.00x6556 

£54 

0.00x5291 

704 

0.00x4205 

754 

0.0013263 

605 

0.00x6529 

655 

0.00x5267 

705 

0.0014x84 

755 

0.0013245 

606 

0.0016502 

G56 

0.0015244 

706 

0.00x4164 

7 S 6 

0.0013228 

607 

0.0016474 

657 

0.00x5221 

707 ' 

0.0014144 

757 

0.00x32x0 

608 

0.0016447 

658 

0.0015198 

708 

0.00x4x24 

758 

0.0013x93 

609 

0.0016420 

659 

0.00x5x75 

709 

0.00x4104 

759 

0.00x3x75 

610 

0.0016393 

660 

0.0015152 

710 j 

0.00x4085 

760 

0.00x3x58 

611 

0.0016367 

661 

0.0015129 

7x1 , 

0.00x4065 

761 

0.0013141 

612 

0.0016340 

662 

0.00x5106 

7 X 2 

0.0014045 

762 

0.0013x23 

613 

0.0016313 

663 

0.0015083 

713 

0.00x4025 

763 

0.00x3x06 

614 

0.00x6287 

664 

0.0015060 

7x4 

0.00x4006 

764 

0.0013089 

6 x 5 

0.00x6260 

665 

0.0015038 

7IS ' 

0.0013986 

76s 

0.0013072 

616 

0.0016234 

666 

0.001501S 

716 

0.0013966 

766 

0.001305s 

617 

0.0016207 

667 

0 . 00 X 4993 

717 : 

0.0013947 

767 

0.0013038 

61S 

0.0016181 

668 

0.0014970 

718 

0.0013928 

768 

0.0013021 

619 

0.0016155 

669 

0.0014948 

719 

0.0013908 

769 

0.0013004 

620 

0.0016x29 

670 

0.0014925 

720 

0.0013889 

770 

0.0012987 

621 

0.0016103 

67X 

0.0014903 

721 

0.0013870 

771 

0.0012970 

622 

0.0016077 

672 

0.0014881 

722 

0.0013850 

772 

0.00x2953 

623 

0.0016051 

673 

0.0014859 

723 

0.001383 X 

773 

0.0012937 

624 

0.00x6026 

674 

0.0014837 

724 

0.0013812 

774 

0.0012920 

62s 

0.0016000 

675 

0.0014815 

725 

0.0013793 

775 

0.0012903 

626 

0.0015974 

676 

0.00x4793 

726 

0.0013774 

776 

0.0012887 

627 

1 0.0015949 

1 677 

0.00x4771 

727 

O.OOI 37 SS 

777 

0.0012870 

628 

0.0015924 

» 678 

0.00x4749 

728 

0.0013736 

778 

0.0012853 

629 

0.0015898 

679 

0.0014728 

729 

0.00I3717 

779 

0.0012837 

630 

0.00x5873 

680 

0.00x4706 

730 

0.0013699 

780 

0.0012821 

631' 

0.0015848 

6S1 

0.00X4684 

731 

0.0013680 

781 

0.00x2804 

632 

c.0015823 

682 

0.0014663 

732 

0.00x3661 

782 

0.0012788 

633 

0.0015798 

683 

0.00x4641 

733 

0.00x3643 

783 

0.0012771 

634 

0.0015773 

684 

0.00x4620 

734 

0.0013624 

784 

0.0012755 

63s 

0.00x5748 

685 

0 . 00 X 4599 

735 

0.0013605 

78s 

j 0.0012739 

636 

0.00x5723 

' 686 

0 . 00 X 4577 

736 

0.00x3587 

786 

0.0012723 

637 

0.0015699 

687 

0.00x4556 

737 

0.00x3569 

787 

0.0012706 

638 

0.00x5674 

688 

0 . 00 X 4535 

738 

1 0.00x3550 

788 

0.0012690 

639 

0.0015649 

689 

0.00x45x4 

739 

0.00x3532 

789 

0.0012674 

640 

0.0015625 . 

690 

0.00x4493 

740 

0.00x35x4 

790 

0.0012658 

64X 

0.0015601 

1 69X 

0.00x4472 

741 

0 . 00 X 3495 

791 

0.0012642 

642 

0.0015576 

692 

1 0.0014451 

742 

0.00x3477 

792 

0.0012626 

643 

0 00x5552 

693 

0.00x4430 

743 

0 . 00 X 3459 

793 

0.00x26x0 

644 

0.00x5528 

694 

0.00x4409 

744 

0.00x3441 

794 

0.0012594 

64s 

0.0015504 

69s 

1 0.00x4388 

745 

0.00x3423 

795 

0.0012579 

646 

0.00x5480 

696 

0.00x4368 

746 

0.0013405 

796 

0.00x2563 

647 

0.00x5456 

697 

0.0014347 

747 

0.0013387 

797 

0.0012547 

648 

0.0015432 

698 

0.00x4327 

748 

0.00x3389 

798 

0.00x2531 

649 

0.0015408 

699 

j 0.0014)06 

749 

0.00x3351 

799 

0.00x2516 

650 

0.0015385 

700 

0.00x4286 

750 

0.00x3333 

800 

0.0012500 










ARITHMETIC 


55 



No.* Reciprocal 



No. 

Reciprocal 

No. 

Reciprocal 

901 

0.0011099 

951 

0.00x0515 

902 

o.«ooxxo86 

952 

0.0010504 

903 

0.00XX074 

953 

0.00x0493 

904 

0.001x062 

954 

0.0010482 

90s 

0.001x050 

9 SS 

0.00x0471 

906 

0.00x1038 

956 

0.00x0460 

907 

‘ 0.pox 1025 

957 

0.00x0449 

908 

0.00110X3 

958 

0.00X043S 

909 

O.OOXIOOX 

959 

0.00x0428 

910 

0.0010989 

960 

0.00x04x7 

911 

0.00x0977 

961 

0.0010406 

912 

0.0010965 

962 

0.00x0395 

913 

0.0010953 

963 

0.00x0384 

914 

0.00x0941 

964 

0.0010373 

91S 

0.00x0929 

96s 

0.0010363 

916 

0.00109x7 

966 

0.0010352 

917 

0.0010905 

987 

0.0010341 

918 

0.00x0893 

968 

0.00x0331 

919 

0.0010881 

969 

0.0010320 

920 

0.0010870 

970 

0^00x0309 

921 

0.00x0858 

971 

0.0010299 

922 * 

0.0010846 

972 

0.00x0288 

923 

0.0010834 

973 

0.00x0277 

924 

0.0010823 

974 

0.0010267 

925 

o.ooxoSxi 

975 

0.0010256 

926 

0.00x0799 

976 

0.0010246 

927 

0.0010787 

977 

0.00X0235 

928 

0.0010776 

978 

0.00x0225 

929 

0.0010764 

979 

0.00x02x5 

930 

0.0010753 

980 

0.00x0204 

931 

0.0010741 

981 

0.00x0x94 

932 

0.00x0730 

982 

0.0010x83 

933 

0.00107x8 

983 

0.00x0x73 

934 

0.0010707 

984 

0.00x0x63 

935 

0.00X0^5 

98s 

0.00x0152 

936 

0.00x0684 

986 

0.00x0142 

937 

0.00x0672 

987 

0.00x0x32 

938 

0.00x0661 

988 

O.OOIOX2X 

939 

0.0010650 

989 

O.OOIOIXI 

940 

0.0010638 

990 

0.00X0101 

941 

0.0010627 

991 

0.00x0091 

942 

0.00106x6 

992 

o.ooioo8x 

943 

0.00x0604 

993 

0.00x0070 

944 

0.0010593 

994 

0.0010060 

945 

0.0010582 

995 

0.00x0050 

946 

0.001057'x 

998 

0.0010040 

947 

0.0010560 

997 

6.00x0030 

948 

o.ppios 49 

998 

0.0010020 

949 

. 0.0010537 • 

999 

0.00X0010 

950 

0.00x0526 

zooo 

0.00X0000 
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3 . —^Reciprocals, 1001 to 1200 


No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

lOOX 

0.0009990 

105 Z 

0.0009515 


0.0009083 

iiSi 

0.0008688 

1002 

0.0009980 

Z052 

0.0009506 

1102 

0.0009074 

1152 

0.0008681 

1003 

0.0009970 

1053 

0.0009497 

1103 

0.0009066. 

1153 

0.0008673 

1004 

0.0009960 

1054 

0.0009488 

1104 

0.0009058 

I 1 S 4 

0.0008666 

1005 

0.0009950 

1055 

0.0009479 

XIO5 

0.0009050 

liSS 

0.0008658 

ioo6 

0.0009940 

X056 

0.0009470 

ZXO6 

0.0009042 

1x56 

0.0008651 

1007 

0.0009930 

1057 

0.0009461 

XIO7 

0.0009033 

1x57 

0.0008643 

ioo8 

0.0009921 

X058 

0.0009452 

1108 

0.0009025 

1x58 

0.0008636 

1009 

0.0009911 

1059 

0.0009443 

1x09 

0.0009017 

XIS 9 

0.0008628 

XOIO 

0.0009901 

X060 

0.0009434 

XIIO 

0.0009009 

1160 

0.0008621 

xoxx 

0.0009891 

xo6x 

0.0009425 

IIIX 

0.0009001 

xx6i 

0.00086x3 

X 012 

0.0009881 

Z062 

0.0009416 

IXX 2 

0.0008993 

1162 

0.0008606 

XOI3 

0.0009872 

X063 

0.0009407 

IXI3 

0.0008985 

1x63 

0.0008598 

10x4 

0.0009862 

1064 

0.0009398 

1x14 

0.0008977 

1x64 

0.0008591 

loxs 

0.0009852 

1065 

0.0009390 

Ills 

0.0008969 

1x65 

0.0008584 

xox6 

0.0009843 

1066 

0.0009381 

11x6 

0.0008961 

1166 

0.0008576 

10X7 

0.0009833 

1067 

0.0009372 

IX17 

0.0008953 

1167 

0.0008569 

xox8 

0.0009823 

Z068 

0.0009363 

1x18 

0.0008945 

116S 

40.0008562 

XOX9 

0.0009814 

X069 

0.0009355 

1x19 

0.0008937 

X169 

0.0008554 

f020 

0.0009804 

Z070 

0.0009346 

1x20 

0.0008929 

X170 

0.0008547 

I 02 Z 

0.0009794 

1071 

0.0009337 

1121 

0.0008921 

1x71 

0.00085^ 

1022 

0.0009785 

1072 

0.0009328 

1X22 

0.0008913 

1172 

0.0008532 

1023 

0.000977s 

1073 

0.0009320 

1123 

0.0008905 

1173 

0.0008525 

1024 

0.0009766 

1074 

0.0009311 

1124 

0.0008897 

1174 

0.00085x8 

Z 02 S 

0.0009756 

1075 

0.0009302 

1125 

0.0008889 

1175 

0.0008511 

1026 

0.0009747 

X076 

0.0009294 

1126 

0.0008881 

1176 

0.0008503 

1027 

0.0009737 

1077 

0.0009285 

1 X 27 

0.0008873 

1x77 

0.0008496 

X028 

0.0009728 

X078 

0.0009276 

1x28 

0.000886s 

1x78 

0.000S489 

1029 

0.00097x8 

1079 

0.0009268 

1129 

0,. 0008857 

1x79 

0.0008482 

1030 

0.0009709 

X080 

0.0009259 

1x30 

0.0008850 

1180 

b.0008475 

Z03Z 

0.0009699 

xo8x 

0.0009251 

1x31 

0.0008842 

1x81 

0.0008467 

Z032 

0.0009690 

1082 

0.0009242 

1132 

0.0008834 

1x82 

0.0008460 

1033 

0.0009681 

X083 

0.0009234 

1133 

0.0008826 

1x83 

0.0008453 

Z034 

0.0009671 

X084 

0.0009225 

1134 

0.0008818 

1x84 

0.0008446 

Z035 

0.0009662 

X085 

0.0009217 

II 3 S 

0.000881Z 

1x85 

0.0008439 

Z036 

0.0009653 

1086 

0.000920S 

1136 

0.0008803 

1186 

0.0008432 

Z037 

0.0009643 

X087 

0.0009200 

1137 

0.000879s 

1x87 

0.0008425 

Z038 

0.0009634 

1088 

0.0009191 

1138 

0.0008787 

xx88 

0.0008418 

1039 

0.0009625 

1089 

0.0009183 

1139 

0.0008780 

1x89 

0.0008410 

Z040 

0.0009615 

Z090 

0.0009174 

1140 

0.0008772 

1x90 

0.0008403 

Z04Z 

0.0009606 

1091 

0.0009x66 

1x41 

0.0008764 

1x91 

0.0008396 

Z042 

0.0009597 j 

1092 

0.0009158 

1142 

0.0008757 

1x92 

0.0008389 

Z043 

0.0009588 

1093 

0.0009149 

1143 

0.0608749 

1x93 

0.0008382 

Z044 

0.0009579 

1094 

0.0009141 

1144 

0.0008741 

1x94 

0.000837s 

Z 04 S 

0.0009569 

109s 

0.0009132 

II 4 S 

0.0008734 

119s 

0.0008368 

Z046 

0.0009560 

X096 

0.0009x24 

1146 

0.0008726 

1x96 

0.0008361 

Z047 

0.00095^1 ; 

1097 

0.0009x16 

U 47 

0.0008718 

1x97 

0.0008354 

Z048 

0.0009542 1 

1098 

. 0.0009107 

X14S 

0.0008711 

1198 

0.0008347 

Z049 

0.0009533 

1099 

0.0009099 

J ?49 

0.0008703 

1x99 

0.0008340 

Z050 

0.0009524 

IXOO 

0^0009091 

Z150 

0.0008696 

1200 

0.0008333 
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3.—Recipeocai.8, 1201 to 1400 


No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

Z 20 I 

0.0008326 

1251 

0.0007994 

1301 

0.0007686 

1351 

O.Q007402 

1202 

0.0008319 

1252 

0.0007987 

1302 

0.0007680 

1352 

0.0007398 

1203 

0.0008313 

1253 

0.0007981 

1303 

0.000767s 

1353 

0.0007391 

1204 

0.0008306 

1254 

0.0007974 

1304 

0.0007669 

1354 

0.0007386 

1205 

0.0008299 

1255 . 

0.0007968 

1305 

0.0007663 

1355 

0.0007380 

I206 

0.0008292 

1256 

0.0007962 

1306 

0.0007657 

1358 

0.0007375 

1207 

0.0008285 

1257 

0 .0007955 

1307. 

. 0.0007651 

1357 

0.0007369 

1208 

0.0008278 

1258 

0.0007949 

1308 

0.0007645 

1358 

0.0007364 

1209 

0.0008271 

1259 

0,0007943 

1309 

0.0007639 

1359 

0.0007358 

1210 

0.0008264 

1260 

0.000793^ 

1310 

0.0007634 

1360 

0.0007353 

1211 

0.0008258 

1261 

0.0007930 

1311 

0.0007628 

1381 

0.0007348 

1212 

0.0008251 

1262 

0.0007924 

13x2 

0.0007622 

1362 

0.0007342 

1213 

0.0008244 

1263 

0.00079x8 

1313 

0.0007616 

1383 

0.0007337 

1214 

0.0008237 

1264 

0.00079x1 

1314 

0.0007610 

1364 

0.0007331 

12*5 

0.0008230 

1265 

0.0007905 

1315 

0.0007605 

1365 

0.0007326 

1216 

0.0008224 

1266 . 

0.6007899 

1318 

0.0007599 

1366 

0.0007321 

1217 

0.0008217 

1267 

0.0007893 

1317 

0.0007593 

1387 

0.0007315 

I 2 i 8 

0.0008210 

1268 

0.0007886 

1318 

0.0007587 

1368 

0.0007310 

1219 

0.0008203 

1269 

0.0007880 


0.0007582 

1369 

0.0007305 

1220 

0.0008197 

1270 

0.0007874 

1320 

0.0007576 

1370 

0.0007299 

1221 

0.0008190 

1271 

0.0007868 

1321 

0.0007570 

1371 

0.0007294 

1222 

0.0008183 

1272 

0.0007862 

1322 

0.0007564 

1372 

0.0007289 

1223 

0.0008177 

1273 

0,0007855 

1323 

0.0007559 

1373 

0.0007283 

1224 

0.0008170 

1274 

0.0007849 

1324 

0.0007553 

1374 

0.0007278 

1225 

0.0008163 

1275 

0.0007843 

1325 

0.0007547 

1375 

0.0007273 

1226 

0.0008157 

1276 

0.0007837 

1326 

0.0007541 

1376 

0.0007267 

1227 

0.0008150 

1277 

0.0007831 

1327 

0.0007536 

1377 

0.0007262 

1228 

0.0008143 

1278 

0.0007825 

1328 

0.0007530 

1378 

0.0007257 

1229 

0.0008x37 

1279 

0.00078x9 

1329 

0.0007524 

1379 

0.0007252 

1230 

0.0008130 

1280 

0.00078x3 

1330 

0.00075x9 

1380 

0.0007246 

1231 

0.0008x23 

1281 

0.0007806 

1331 

0.00075x3 

1381 

0.0007241 

1232 

0.0008x17 

1282 

0.0007800 

1332 

0.0007508 

1382 

0.0007236 

1233 

o.oooSxxo 

1283 

0.0007794 

1333 

0.0007502 

1383 

0.0007231 

1234 

0.0008x04 

12.84 

0.0007788 

1334 

0.0007496 

1384 

0.0007225 

1235 

0.0008097 

128s 

0.0007782 

1335 

0.0007491 

1385 

0.0007220 

1236 

0.0008091 

1286 

0.0007776 

1338 

0.0007485 

1386 

0.00072x5 

1237 

0.0008084 

1287 

0.0007770 

1337 

0.0007479 

1387 

0.00072x0 

1238 

0.0008078 

1288 

0.0007764 

1338 

0.0007474 

1388 

0.0007205 

1239 

0.0008071 

1289 

0.0007758 

1339 

0.0007468 

1389 

0.0007199 

1240 

0.0008065 

1290 

0.0007752 

1340 

0.0007463 1 

1390 

0.0007194 

1241 

0.0008058 

1291 

0.'ooo7746 

1341 

0.0007457 1 

1391 

0.0007x89 

1242 

0.0008052 

1292 

0.OQ07740 

1342 

0.0007452 

1392 

0.0007x84 

1243 

0.0008045 

1293 

0.0007734 

1343 

0.0007446 

1393 

0.0007179 

1244 

0.0008039 

1294 

0.0007728 

1344 

0.0007440 

1394 

0.0007174 

1245 

0.0008032 

1295 

0.0007722 

1345 

0.0007435 

1395 

0.0007x68 

1246 

0.0008026 


0.0007716 

1348 

0.0007429 

1398 

0.0007x63 

1247 

0.00080x9 

ii 97 

0.00077x0 

1347 

0.0007424 

1397 

o.ooo7X58> 

1248 

0.0008013 

1298 

0.0007704 

1348 

0.00074x8 

1398 

0.0007153 

1249 

0.0008006 

1299 

, 0.0007698 

1349 

0.0007413 

1399 

0.0007148 

1250 

0.0008000 

1300 

0.0007692 

1350 

0.0007407 

X400 

0.0007143 
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3. —^Rbciprocai<b, 1401 to 1600 


No. 

Reciprocal 

No. 

Reciprocal 

1401 

0.0007138 

X 4 SX 

0.0006892 

1403 

0.0007133 

1452 

0.0006887 

1403 

0.0007128 

1453 

0.0006882 

1404 

0.0007123 

X 454 

0.0006878 

1405 

0.0007117 

X 45 S 

0.0006873 

1406 

0.0007112 

1458 

0.0006868 

1407 

0.0007107 

X 457 

0.0006863 

1408 

0.0007102 

1458 

0.0006859 

1409 

0.0007097 

X 4 S 9 

0.0006854 

1410 

0.0007092 

1460 

0.0006849 

1411 

0.0007087 

1461 

0.0006845 

14x2 

0.0007082 

1462 

0.0006840 

1413 

0.0007077 

X463 

0.0006835 

1414 

0.0007072 

1464 

0.0006831 

141S 

0.0007067 

1465 

0.0006826 

1416 

0.0007062 

1466 

0.000682X 

1417 

0.0007057 

1467 

0.0006817 

1418 

0.0007052 

1468 

0.0006812 

14x9 

0.0007047 

1469 

0.0006807 

1420 

0.0007042 

1470 

0.0006803 

1421 

0.0007037 

1471 

0.0006798 

X422 

0.0007032 

1472 

0.0006793 

1423 

0.0007027 

1473 

0.0006789 

1424 

0.0007022 

1474 

0.0006784 

X 42 S 

JO. 0007018 

1475 

0.0006780 

1426 

0.0007013 

1476 

0.0006775 

X427 

0.0007008 

1477 

0.0006770 

1428 

0.0007003 

1478 

0.0006766 

1429 

0.0006998 

X 479 

0.0006761 

1430 

0.0006993 

1480 

0.0006757 

1431 

0.0006988 

1481 

0.0006752 

1432 

0.0006983 

1482 

0.0006748 

1433 

0.0006978 

X483 

0.0006743 

1434 

0.0006974 

1484 

0.0006739 

1435 

0.0006969 

1485 

0.0006734 

1436 

0.0006964 

i486 

0.0006729 

1437 

0.0006959 

1487 

0.0006725 

1438 1 

0.0006954 

1488 

0.0006720 

1439 

0.0006949 

1489 

0.0006716 

1440 

0.0006944 

X490 

0.0006711 

I 44 X 

0.0006940 

I49X 

0.0006707 

1442 

0.000693s 

X492 

0.0006702 

1443 

0.0006930 

1493 

0.0006698 

1444 

0.0006925 

1494 

0.0006693 

1445 

0.0006920 

1495 

0.0006689 

1446 

0.0006916 

1496 

0.0006684 

1447 

0.0006911 

1497 

0.0006680 

1448 

0.0006906 

1498 

0.0006676 

1449 

0.0006901 

1499 

0.0006671 

1450 

0.0006897 

1500 

0.0006667 


No. 

Reciprocal 

No. 

Reciprocal 

1501 

0.0006662 

ISSX 

0.0006447 

1502 

0.0006658 

1552 

0.0006443 

X503 

0.0006653 

1553 

0.0006439 

1504 

0.0006649 

1554 

0.000643s 

1505 

0.0006645 

1555 

0.000643X 

1506 

0.0006640 

1556 

0.0006427 

1507 

0.0006636 

1557 

0.0006423 

1508 

0.0006631 

1558 

0.0006418 

1509 

0.0006627 

1559 

0.00064x4 

15x0 

0.0006623 

1560 

0.0006410 

X 5 XI 

0.0006618 

is6x 

0.0006406 

15x2 

0.0006614 

1562 

0.0006402 

15x3 

0.0006609 

1563 

0.0006398 

15x4 

0.0006605 

1564 

0.0006394 

15x5 

0.0006601 

1565 

0.0006390 

15x6 

0.0006596 

1566 

0.0006386 

1517 

0.0006592 

1587 

0.0006382 

15x8 

0.0006588 

1568 

0.0006378 

XS19 

0.0006583 

1569 

0.0006373 

1520 

0.0006579 

1570 

0.0006369 

1521 

0.000657s 

X 57 I 

0.000636s 

1522 

0.0006570 

1572 

0.0006361 

X523 

b.0006566 

X 573 

0.0006357 

XS 24 

0.0006562 

1574 

0.0006353 

1525 

0.0006557 

1575 

0.0006349 

1526 

0.0006553 

1576 

0.0006345 

1527 

0.0006549 

1577 

0.0006341 

1528 

0.0006545 

1578 

0.0006337 

1529 

0.0006540 

1579 

0.0006333 

1530 

0.0006536 

1580 

0.0006329 

1531 

0.0006532 

1581 

0.0006325 

1532 

0.0006527 

1582 

0.0006321 

X 533 

0.0006523 

1583 

0.0006317 

1534 

0.00065x9 

1584 

0.0006313 

1535 

0.00065x5 

1585 

0.0006309 

1536 

0.0006510 

1586 

0.0006305 

1537 

0.0006506 

1587 

0.000630X 

X538 

0.0006502 

1588 

0.0006297 

1539 

0.0006498 

1589 

0.0006293 

1540 

0.0006494 

1590 

0.0006289 

154X 

0.0006489 

1591 

0.0006285 

1542 

0.0006485 

1592 

0.0006281 

1543 

0.0006481 

1593 

0.0006277 

1544 

0.0006477 

1594 

0.0006274 

1545 

0.0006472 

1595 

0.0006270 

1546 

0.0006468 

1596 

0.0006266 

1547 

0.0006464 

1597 

0.0006262 

1548 

0.0006460 

1598 

0.0006258 

1549 

0.0006456 

1599 

0.0006254 

1550 

0.0006452 

x6oo 

0.0006250 
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8 .—^Reciprocals, 1601 to 1800 


No. 

Reciprocal 

No. 

Reciprocal 

i6oi 

0.0006246 

1651 

0.0006057 

1602 

o.poo6242 

1652 

0.0006053 

1603 

0.0006238 

*653 

0.0006050 

1604 

0.0006234 

1654 

0.0006046 

160s 

0.00G6231 

1655 

0.0006042 

x6o6 

0.0006227 

1656 

0.0006039 

1607 

0.0006223 

1657 

0.0006035 

z6o8 

, 0.0006219 

1658 

0.0006031 

1609 

0.0006215 

1659 

0.0006028 

16I0 

0.000621Z 

1660 

0.0006024 

i6zz 

0.0006207 

1661 

0.0006020 

1612 

0.0006203 

1662 

0.0006017 

1613 

0.0006200 

1663 

0.0006013 

1614 

0.0006196 

1664 

0.0006010 

1615 

0.0006192 

1665 

0.0006006 

z6i6 

0.0006188 

1666 

0.0006002 

1617 ■ 

0.0006x84 

1667 

0.0005999 

1G18 

0.0006180 

1668 

0.0005995 

ICXQ 

0.0006177 

1669 

0.0005992 

Z62O 

0.0006173 

1670 


1621 

0.0006169 

1671 

0.0005984 

1622 

0.0006165 

1672 

0.0005981 

1623 

0.0006161 

1673 

0.0005977 

1624 

0.0006158 

1674 

0.0005974 

1625 

0.0006154 

1675 

0.0005970 

1626 

0.0006150 

1676 


1627 

0.0006146 

1677 

0.0005963 

1628 

0.0006143 

1678 

O.OOOS 9 S 9 

1629 

0.000G139 

1679 

0.0005956 

1630 

0.000613s 

1680 

0.0005952 

1631 

0.0006131 

1681 

0.0005949 

1632 

0.0006127 

1682 

0.0005945 

i 6 J 3 

0.0006124 

1683 

0.0005942 

1634 

0.0006120 

1684 

0.0005938 

1C3S 

0.000611G 

1685 

0.0005935 

1636 

0.0006112 

1686 

0.0005931 

1637 

0.0006109 

1687 

0.0005928 

1638 

0.0006105 

1688 

0.0005924 

1639 

o.oooGiox 

1689 

0.0005921 

1G40 

0.0006098 

1690 

0.0005917 

1641 

0.0006094 

1691 

0.0005914 

1642 

0.0006090 

1692 

0.0005910 

1643 

0.0006086 

1693 

0.0005907 

1644 

0.0006083 

1694 

0.0005903 

164s 

0.0006079 

169s 

0.0005900 

1646 

0.0006075 

1696 

0.0005896 

1647 

0.0006072 

1697 

0.0005893 

1648 

0.0006068 

1698 

0.0005889 

1649 

0.0006064 

1699 

0.0005886 

1650 

0.0006061 

1700 

0.0005882 


No. 

Reciprocal 

TIT" 

Reciprocal 

1701 

0.0005879 

1751 

0.0005711 

1702 

0. 0005875 

1752 

0.0005708 

1703 

0.0005872 

1753 

0.0005705 

1704 

0.00058^ 

I7S4 

0.0005701 

170S 

0.0005865 

I7SS 

0.0005698 

1706 

0.0005862 

1756 

0.0005695 

1707 

0.0005858 

1757 

0.0005692 

1708 

0.0005855 

1758 

0.0005688 

1709 

0.0005851 

I7S9 

0.0005685 

rnn 

0.0005848 

1760 

0.0005682 

1711 

0.0005845 

17G1 

0.0005679 

1712 

0.0005841 

1762 

0.0005675 

1713 

0.0005838 

1763 

0.0005672 

1714 

0.0005834 

1764 

0.0005669 

171S 

0.0005831 

176s 

0.0005666 

1716 

0.0005828 

1766 

0.0005663 

1717 

0.0005824 

1767 

6.0005659 

1718 

0.0005821 

1768 

0.0605656 

1719 

0.0005817 

1769 

0.0005653 

1720 

0.0005814 

1770 

0.0005650 

1721 

0.0005811 

1771 

0.0005647 

1722 

0.0005807 

1772 

0.0005643 

1723 

0.0005804 

1773 

0.0005640 

1724 

0.0005800 

1774 

0.0005637 

1725 

0.0005797 j 

1775 

0.0005634 

1726 

0.0005794 

1776 

0.0005631 

1727 

0.0005790 

1777 

0.0005627 

1728 

0.0005787 

1778 

0.0005624 

1729 

0.0005784 

1779 

0.0005621 

1730 

0.0005780 

1780 

0.0005618 

1731 

0.0005777 

1781 

0.0005615 

1732 

0.0005774 

1782 

0.0005612 

1733 

0.0005770 

1783 

0.0005609 

1734 

0.0005767 

1784 

0.0005605 

1733 

0.0005764 

178s 

0.0005602 

1736 

0.0005760 

1786 

O.OOOS 599 

1737 

o-0005757 

1787 

0.0005596 

I7J8 

0.0005754 

1788 1 

0.0005593 

1739 

0.0005750 

1789 

0.0005590 

1740 

0.0005747 

1790 

0.0005587 

1741 

0.0005744 

1791 

0.0005583 

1742 

0.0005741 1 

1792 

0.0005580 

1743 

0 0005737 

1793 

0.0005577 

1744 

0.0005734 

1794 

0.0005574 

1745 

0.0005731 

1795 

0.000557.1 

1746 

0.0005727 1 

1796 

0.0005568 

1747 

0.0005724 j 

1797 

0.0005565 

1748 

0.0005721 

1798 

0.0005562 

1749 

0.0005718 1 

1799 

0.0005559 

1750 

0.0005714 

1800 

0.0005556 
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3 .—Bbcipbocals, 1801 to 2000 


No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

No. 

Reciprocal 

i8oi 

0.0005552 

1851 

0.0005402 

1901 

0.0005260 

* 95 * 

0 0005126 

i8o2 

0.0005549 

1852 

0.0005400 

1902 

0.0005258 

*952 

0.0005123 

1803 

0.0005546 

1853 

0.0005397 

»903 

0.0005255 

*953 

0.0005120 

1804 

0.0005543 

1854 

0.0005394 

1904 

0.0005252 

*954 

0.0005118 

1805 

0.0005540 

1855 

0.0005391 

190s 

0.0005249 

1955 

0.000511S 

1806 

0.0005537 

1856 

0.0005388 

1906 

0.0005247 

*956 

0.0005112 

1807 

0.0005534 

1857 

0.0005385 

1907 

0.0005244 

1957 

0.0005110 

2808 

0.0005531 

1858 

0.0005382 

1908 

0.0005241 

*958 

0.0005107 

1809 

0.0005528 

1859 

0.0005379 

1909 

0.0005238 

*959 

0.000510S 

iSto 

0.0005525 

i860 

0.0005376 

1910 

0.0005236 

i960 

0.0005102 

181Z 

0.0005522 

1861 

0.0005373 

1911 

0.0005233 

1961 

0.0005099 

18x2 

0.0005519 

1862 

0.0005371 

1912 

0.0005230 

1962 

0.0005097 

1813 

0.0005516 

1863 

0.0005368 

*913 

0.0005227 

*963 

0.0005094 

1814 

0.0005513 

X864 

0.0005365 

» 9 M 

0.0005225 

1964 

0.0005092 

181S 

0.0005510 

1865 

0.0005362 

1915 

0.0005222 

196s 

0-0005089 

1816 

0.0005507 

x866 

0.0005359 

1916 

0.0005219 

1966 

0.0005086 

1817 

0.0005504 

1867 

0.0005356 

1917 

0.0005216 

1967 

0.0005081 

1818 

0,0005501 

1868 

0.0005353 

1918 

0.0005214 

1968 

0.0005081 

1819 

0.0005498 

1869 

0.0005350 

1919 

0.00052H 

1969 

0.0005079 

1820 

0.000549s 

1870 

0.0005348 

1920 

0.0005208 

1970 

0.0005076 

1822 

0.0005491 

1871 

0.0005345 

1921 

0.0005206 

* 97 * 

0.0005.074 

1822 

0.0005488 

X872 

0.0005342 

X922 

0.0005203 

*972 

0.0005071 

1823 

0.0005485 

1873 

0.0005339 

1923 

0.0005200 

*973 

0.0005068 

1824 

0.0005482 

1874 

0.0005336 

1924 

0.0005198 

*974 

0.0005066 

1825 

0 0005479 

1875 

0.0005333 

1925 

0.000519s 

, *975 

0.0005063 

1826 

0.0005476 

1876 

0.0005330 

1926 

0.0005192 

*976 

0.0005061 

1827 

0.0005473 

1877 

0.0005328 

1927 

0.0005189 

*977 

0.0005058 

1828 

0.0005470 

1878 

0.0005325 

1928 

0.0005187 

1978 

0.0005056 

1829 

0.0005467 

1879 

0.0005322 

1929 

0.0005184 

1979 

0.0005053 

1830 

0.0005464 

1S80 

0.0005319 

»930 

0.0005181 

1980 

0.0005051 

1831 

0.0005461 

1881 

0.0005316 

1931 

0.0095179 

1981 

0.0005048 

1832 

0.0005459 

1882 

0.0005313 

1932 

0.0005176 

1982 

0 0005045 

1833 

0.0005456 

1883 

0.0005311 

*933 

0.0005173 

1983 

0.0005043 

1834 

0.0005453 

18S4 

0.0005308 

*934 

0.0005171 

1984 

0.0005040 

183s 

0.0005450 

1885 

0.0005305 

*935 

0.0005168 

1985 

0.0005038 

1836 

0.0005447 

1886 

0.0005302 

*936 

0.0005165 

1986 

0.0005035 

1837 

0.0005444 

18S7 

0.0005299 

*937 

0.0005163 

1987 

0.0005033 

1838 

0.0005441 

i 883 

0.0005297 

*938 

0.0005160 

1988 

0.0005030 

1839 

0.0005438 

1889 

0.0005294 

*959 

0.0005157 

1989 

0.0005028 

1840 

0.0005435 

1890 

0.0005291 

1940 

0.0005155 

1990 

0.0005025 

1841 

0.0005432 

1891 

0.0005288 

1941 

0.0005152 

* 99 * 

0.0005023 

1842 

0.0005429 

1892 

0.0005285 

1942 

0.0005149 

1992 

0.0005020 

1843 

0.0005426 

1893 

0.0005283 

*943 

0.0005147 

*993 

0.0005018 

1844 

0.0005423 

1894 

0.0005280 

*944 

0.0005144 

*904 

0.0005015 

184s 

0.0005420 

189s 

0.0005277 

*945 

0.0005141 

1995 

0.0005013 

1846 

0.0005417 

1896 1 

0.0005274 

1946 

0.0005139 

1996 

0.0005010 

1847 

0.0005414 

1897 

0.0005271 

*947 

0.0005136 

1997 

0.0005008 

1848 

. 0.000541X 

X898 

0.0005269 

1948 

0.0005133 

1998 

0.0005005 

t 849 

0.0005408 

1899 

0.0005266 

*949 

0.0005131 

*999 

0.0005003 

1830 

0.000540s 

1900 

0.0005263 

1950 

0.0005128 

2000 

0.0005000 
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Then arrange a small table of its multiples up to nine times and 
use this as a multiplication table. 

0.000636132 X 1 = 0.000636132 
0.000636132 X 2 = 0.0Q1272264 
0.000636132 X 3 = 0.001908396 
0.00Q636132 X 4 = 0.002544528 
0.000636132 X 5 = 0.003180660 
0.000636132 X 6 = 0;003816792 
0.000636132 X 7 = 0.004452924 
0.000636132 X 8 = 0.005088956 
0.000636132 X 9 = 0.005696188 


Dividend 7246 

Take from above table 6 . .003816792 

4 . 0.02544528 

2 . 00.1272264 

7 . 004.452924 


4.609412472 


Correct quotient by direct division to hundred thousandths 
4.60941. 

Percentage .—Percent means hundredths and rate percent 
means any given number of hundredths. Thus, 5 per cent, or 5%, 
means .05 or x^Tr» in which 5 is the rate. It may also be expressed 
in true ratio, 5 : 100, meaning 5 parts of the 100, both terms being 
of the same denomination. The percents commonly used may 
be written in fractional form as follows: 


64% “ A' 
6 f% = A 
8 i% = A 
10 % = A 


m% = I- 
141% = I 
161% = i 
20 % = i 


25 % = 1 

m% = § 

50 % = § 
371% = f 


62-J% = I 
66f% = I 
83i% = f 
100 % = 1 


Percentage covers the operations of finding the part of a given- 
number at a given rate percent, as 4 percent of 650, 650 X .04 = 
26; of finding what percent one number is of another; as, what 
percent of 560 is 32? 

32 -5- 560 = .057 = 5.7 percent; 

of ascertaining a number when an amount is given, which is a 
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given percent of that number; as, 112 is 24 percent of what 
number? 

112 ^ .24 = 467. 


Logarithms of Numbers.—This section will not attempt to 
describe in detail the principles upon which logarithms are founded 
but will confine itself to a brief exposition of the use of logarithms. 

The logarithm of any given number is the exponent of the 
power to which another fixed number, called the base, must be 
raised in order to produce the given number. A system of 
logarithms may be founded on any base. Two systems are in 
use, namely, common logarithms and Naperian or natural log¬ 
arithms. Common logarithm.3 are on the base 10. In other 
words, the logarithm of a number indicates the power to which 
10 must be raised to produce the given number. In this system 


10 ° = 1 
101 = 10 
102 = 100 
103 = 1000, etc. 


log 1 = 0 
log 10 = 1 
log 100 = 2 
log 1000 = 3, etc. 


This system is in general use for all practical purposes. When 
logarithms are mentioned without further qualification, common 
logarithms are meant. 

Natural or Naperian logarithms are founded on a base e = 
2.7182818+. It is used in pure mathematical discussion and in 
steam and electrical engineering. 

Common Logarithms.—The logarithm of a number is composed 
of the characteristic, or integral portion to the left of the decimal 
point, and the mantissa or decimal fraction. The mantissa is all 
that appears in any table of logarithms and the degree of accuracy 
is dependent upon the number of decimal places used in the man¬ 
tissa. Table 4, following, to five decimal places will be found 
compact and convenient, where the result to five significant 
figures is sufficiently accurate. Where greater accuracy is 
required, Vega’s tables to seven decimal places are recommended. 
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In the logarithm of any number, the mantissa is independent 
of the position of the decimal point, while on the contrary the 
characteristic is dependent only on the position of the first signifi¬ 
cant figure of the number with relation to the decimal point. 
Thus in the following examples: 


= 3.53859 
= 2.53859 


gs|£| 

5 §1.2 “a 8 

= 1.53589 ilijisi 

»S g;&E I S 

= 0.53859 

= 1.53859 = 9.53859 - 10 


(a) log 3456.2 

(b) log 345.62 

(c) log 34.562 

(d) log 3.4562 

(e) log .34562 

(f) log .034562 = 2.53859 = 8.53859 - 10 


it will be seen that the characteristic is equal, algebraically, to the 
number of places minus one, which the first significant figure 
of the number occupies to the left of the decimal point. In 
(a) the characteristic is 3; in (b), 2; in (d) 0; in (e), —1; 
and in (f), —2. Some mathematicians prefer the use of the 
negative characteristic, but most of them employ the "positive,” 
by algebraically adding 10 to the integer and placing —10 to the 
right of the mantissa or omitting the latter (—10) altogether. 
For example, log .040217 = 8.60441, the —10 being understood 
and the value of the characteristic being, of course, —2. In the 
case of finding the root of (or dividing) a pure decimal, however, 
the —10 must be employed. 

To Find the Logarithm of a Number.—Example: Find the log 
of 357.46. Solution: The characteristic is 3 — 1 = 2. The man¬ 
tissa for the first four figures, 3574, is read directly from Table 4 
and is .55315. To this, however, must be added (the next 
figure of the number is 6) of the difference between .55315 and 
the log of 3575, or .55328. This difference is 13 and in the pro¬ 
portional parts (P.P.) column under 13 and opposite 6 will be 
found the value 8, which, added to .55315 in the last place, gives 
.55323. Hence, the log of 357.46 is 2.55323 (Ans.). 

To Find the Anti-logarithm (number corresponding to a log- 
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arithm).—^Example: What is the number whose logarithm is 
1.73821? Solution: This is the reverse of finding the logarithm 
of a number. Neglecting, for the present, the characteristic, the 
next lower mantissa to .73821 is .73815 and the number corre¬ 
sponding is 5472. The difference between .73815 and the next 
higher mantissa in Table 4, .73823, is 8, and the proportional 

.73821 - .73815 6 „ , „ ^ ^ j . x,. 

difference - - -- = - calls for .8 to be added to the 

•ToOittO .foolo o 

fourth figure, i.e., 8 to the fifth place of the number, disregarding 
the decimal point, is 54728. The characteristic, 1, calls for two 
places to the left of the decimal point, hence the antilog of 1.73821 
is 54.728 (Ans.), 

Multiplication with Logarithms.— To multiply two or more 
numbers, add the logarithms of the numbers and the sum is the 
logarithm of the product. 

Example: Multiply 25.316 by 42.18 

Solution: log 25.316 = 1.40339 
log 42.18 = 1.62511 

Sum = 3.02850 

Product = antilog 3.02851 = 1067.9 (Ans.). 

Division with Logarithms.— To divide one number by another, 
subtract the logarithm of the divisor from the logarithm of the dividend; 
the difference is the logarithm of the quotient. 

Example: Divide 458.62 by 86.25 

Solution: log 458.62 = 2.66145 
log 86.25 = 1.93576 

Difference = 0.72569 

Quotient = antilog 0.72569 = 5.3173 (Ans.). 
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size they may be short or long. Then there are many types of 
special graduations. The most common slide rule is the 10-inch 
straight rule of the Mannheim type illustrated in Fig. 8. It. 
will be noted that this has four scales, two on the stock and two 
on the slide. These we shall refer to as the A, B, C, and D scales 
reading downward, and they are usually so stamped on the rules. 




Fig. 7. 


Straight slide rules other than the Mannheim usually have scales 
corresponding to these and differ only in that they have in addition 
a number of other scales. At the extreme end of each scale is 
the figure At the left of the scale, this point is called the 

left index) at the right is the right index. A glass with a hair¬ 
line stretching across the scales is attached to the rule in such a 



Fig. 8 . —Mannheim Slide Rule. 


manner that it may be moved along the scale to any position. 
This is called the indicator or runner and is a great aid in setting 
and reading values. 

It will be noted that on the two lower scales on the slide ruld 
in Fig. 8 the numbers begin at the left with* 1, 1, 2, 3, 4, etc. 
These numbers represent 10, 11, 12, 13, 14, respectively, or 
1.0, 1.1, 1.2, 1.3, 1.4, or 100, 110, 120, 130, 140. The extra 
before the small numbers is omitted to save space. The space 
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between each of these numbers is divided into ten spaces for the 
next significant figure. To the right of this first series of figures 
which terminate with “9” or “19” by the above representation, 
the numbers continue 2, 3, 4, 6, etc. If the preceding “9” is 
taken to represent “ 19 ” (not “ 1.9 ” or “ 190 ”) then these numbers 
represent 20, 30, 40, 50, etc. The spaces between these numbers 
are divided into ten spaces. These are again subdivided, some 
into fifths, others into halves. 

The operation of a slide rule cannot be mastered without a 
rule at hand, and even then, considerable practice is required 
to develop speed and accuracy. The following examples assume 
that the reader has a slide rule before him with the conventional 
A, B, C, and D scales found on the Mannheim and Polyphase rules. 


c 

Set 1 

R to 12 

D 

To 28 

Read 336 


(a) 


C 

Set 1 

R to Multiplier 

D 

To Multiplicand 

Read Product 


(b) 


Fia. 9. 

How to Multiply with the Slide Rule.—Let us assume that 
we wish to multiply 28 by 12. Move the slide to the right and 
set 1 (the index) of the C scale to 28 on the D scale. Then move 
the runner to 12 on the C scale and read the product on the 
D scale at this point. It is 336. These operations can be set 
up in the form of a diagram as shown in Fig. 9a. From this 
we can derive a general form for all multiplication as shown in 
Fig. 96. Expressed in words we may say multiplication is carried 
out as follows: 

(1) To MuUiplicand on D set C index. 

(2) To MuUipUer on C set runner indicator. 

(31 At indicator on D read Prodvxt. 
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Lei us take another example. Multiply 52 by 25. Proceeding 
as in the previous example we find that by moving the slide to the 
right, the multiplier (25) falls beyond the end of the D scale. 
It is necessary then in this and all simils^r 
eases that the slide be moved to the left 
and the right index of the C scale set on 
the multiplicand. The answer on the D 
scale is then 1300. 

By using the runner, R, it is possible to perform con¬ 
tinued multiplication without having to read the intermediate 
products. 

Illustration: Multiply 12 X 8 X 18. 


c 

Set 1 

R to 26 

D 

to 52 

Road 1300 
J- 


Fig. 10. 



Fig. 11. 


Wilii a ten-inch slide rule most numbers can be read directly 
to only two significant figures and the third figure must be esti¬ 
mated. Thus, if we multiply 854 by 637 we find in setting the 
index to the multiplicand that there is no line which represents 
854. There is one which represents 850 and another 855 and 
it is necessary to set the index as closely as possible to a point 
which is estimated by eye to be ^ of the distance from the smaller 
to the larger of these numbers. Similarly, the position to place 


c 

Set 

RiX^irdft 

D 


oSssL 


C 

25 

Under 1 

D 

1300 

Read 52 (Ans.) 


the runner to represent 537 must be 
estimated by eye for the last figure. The 
product reads 459,000 (the last significant 
figure being estimated). With practice 
and careful operation the last place can 
be determined with remarkable accuracy. 


Fig. 12. 


Division with file Slide Rule.—Divi¬ 
sion is, of course, the reverse of multipli¬ 


cation and it is to be expected that it is carried out on the slide 


rule by performing the operations for multiplication in the reverse 


order. This is the case. For example, let us divide 1300 by 25 
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To dividend (1300) on the D scale set divisor (25) on the C scale. 
Under 1 on the C scale read the quotient (52). 

Another example, divide 1648 by 536. To 1648 on the 
D scale, set 536 on the C scale. Under the index on the C scale 
read the quotient. This appears to be 3.075. 

Calculations involving continued multiplication and division 
can be performed on the slide rule without having to read the 
intermediate results. 

Illustration; Find the value of 

150 X 72 X 10 
8X6 

There are two methods: 



Locating Decimal Point in Slide Rule Multiplication and 
Division.—The preceding examples have illustrated the manipu¬ 
lation of the slide rule in arriving at products and quotients of 
numbers without any mention of how the decimal point is located 
in the result. We shall state briefly the rules governing this and 
then illustrate by a few examples. First, a definition is necessary. 
In the rules we shall use the word characteristic of a number, 
which h not to be confused with the characteristic of a logarithm. 
The characteristic of a number is the number of digits before the 
decimal point, the characteristic of a decimal fraction is the number 
of ciphers immediately after the decimal point and is negative. 

Rule I: When the slide 'projects to the right in 'multiplication 
the characteristic of the product is one less than the sum of the 
characteristics of the factors. 
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Thus, in the first example of multiplication we found the 
product of 28 and 12, the slide projecting to the right. The charac¬ 
teristic of each of these numbers is 2, the sum is 4, one less than 
the sum is 3, which is the characteristic of the product. Thus 
the product has three figures to the left of the decimal point (336). 

In another example, 23 X 0.415, the characteristics are 2 and 
0, respectively, and the sum less 1 is 2 -|- 0 — 1 = 1. Thus the 
product (9.55) has one digit to the left of the decimal point. 

In still another example, 0.0328 X 0.0024, the characteristics 
are —1 and —2, respectively. The sum less lis—1 — 2 — 1 = 
—4. Then the product is 0.0000787 with four ciphers following 
the decimal point. 

These examples illustrate the cases which are apt to occur. 

Rule II. When the slide projects to the left in multiplication 
the characteristic of the product equals the sum of the characteristics 
of the factors. 

This rule requires no illustration in view of the foregoing. 

Rule III: When the slide projects to the right in division 

the characteristic of the quotient equals the characteristic of the 

dividend minus that of the divisor, plus 1. 

As an illustration, divide 6850 by 37.2. The characteristic of 
the dividend is 4 and that of the divisor 2. Then, according to the 
rule, 4 — 2 -f- 1 = 3 and the quotient has three digits to the left 
of the decimal point—in this case 184.1. 

As an illustration involving decimals, take the division of 47 
by 0.024. The characteristic of the dividend is 2 and that of the 
divisor —1. Then 2 — (—1) + 1 = + 4 as the charaicteristic 
of the quotient. The quotient is then 1957. 

The division of one decimal by another is illustrated by the 
following 0.0074 0.026. The characteristic of the dividend is 

—2 and that of the divisor —1. Then, —2 — (—l)-f-l = 0 and 
thus there are no digits to the left of the decimal point and no 
ciphers to the right, the quotient being 0.2847. 
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Rule IV; When the slide projects to the left in division the 
characteristic of the quotient equals the characteristic of the 
dividend minus that of the divisor. 

The four rules may be combined into the following chart for 


ready reference; 


Characteribtic 
of result 

Slide Left 

Slide Right 

Multiplication 

Sum of Characteristics of 2 Factors 

Sum —1 

Division 

Characteristic of Dividend — that 

Difference + ^ 


of divisor 



Squares, Cubes, and Roots.—The square of a number can, of 
course, be computed with a slide rule by multiplying the number 
by itself with the C and D scales. Likewise, the cube may be 
determined by multiplying the square so found by the original 
number. However, by the use of the D and A scales the square 
of any number on the D scale can be found by simply moving the 
runner to that number and reading the square on the A scale 
at the cross-line on the runner. Thus 4 on the A scale is directly 
opposite 2 on the D scale, 9 opposite 3, etc. 

The following examples indicate how the slide rule can be used 

for evaluating such expressions as x^y and 


Illustration; Find the value of 6- X 5. 


A 


Read 180 (Ans.) 

B 

Set 1 (right) 

Over 5 

C 



D 

Over 6 
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Illustration: Find the value of 


A 

Under 3 


B 

Set 4 

Under 1 (right) 

C 



D 


Read 0.866 (Ans.) 


The cube of a number is found by setting the runner on the 
number on the D scale, then setting either the left or right index 
of the B scale on the cross-line of the runner and r^^iug the cube 
on the A scale opposite the original number on the B scale. Thus, 
the process consists of finding the square of the number and then 
performing a multiplication on the A and B scales of the square 
with the original number. 

It will be noted that A and B scales have indexes not only at 
the left and right ends but also one in the middle. If the left index 
is taken as 1, the middle index is 10 and the right index is 100, or 
if the left index is taken as 100, the middle index is 1000 and the 
right index is 10,000. The left index may never be taken as 10 or 
1000 because the square roots of these numbers are 3.16 and 31.6, 
respectively, and this occurs on the D scale only at the middle. 

Thus it becomes apparent that whenever the square root of a 
number is to be found with the A and D scales it is very important 
to decide whether this number should be selected on the left- or 
the right-hand portions of the A scale. This is determined by 
first pointing off the digits of the number whose square root is to 
be found into groups of two's, beginning at the decimal point, and 
moving to the right. For example, 25,346 pointed off is 2,53,46. * 
The square root will have as many digits to the left of the decimal 
point as there are groups. Decimal fractions are pointed off to the 
right from the decimal point thusly: 0.02758 becomes .02,75,8. 
The last group may have either one or two digits. Then if we 
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call the left half of the A scale A1 and the right half A2, we may 
Write the 

Rule: If the last group contains one figure y use A1 for finding 
the square root, if it contains two use A2> In either case the 
characteristic of the square root read on D equals the number of 
groups in the given number. 

As an illustration, take the first number cited above, 2,53,46. 
This has one figure in the last group, so it is located on the left- 
hand (Al) scale and the runner placed on it. The square read on 
the D scale appears to be 159.1 and since there are three groups of 
figures in the original number, the root has three digits to the left 
of the decimal point. For decimal fractions we have the following. 

Rule: After pairing off the digits to the right of the decimal 
point, at first disregard the groups immediately following the 
point which contain only ciphers. If in the first group cmtaining 
other figures the first figure is a cipher, use Al. If the first 
figure is not a cipher, use A2. In the root there is one cipher 
immediately after the deciwxd point for each group consisting 
wholly of ciphers in the given number. 

As an example find the square root of the number 0.000625. Point¬ 
ing off, .00,06,25. The first group containing significant figures 
(06) has first a cipher so the Al scale is used. The square root 
is 0.025. Since the first group in the original number has only 
ciphers, the first digit of the root is a cipher. 

By reversing the above rules we obtain a rule for locating the 
decimal point when computing squares. 

Rule: If the square is on A1 the characteristic of the square is 
1 less than 2 times that of the number, if on A2 it is twice that of the 
number. This applies to both positive and negative characteristics. 

References —The reader who is interested in a more comprehensive 
treatment of arithmetic is referred to the book Arithmetic for the 
Practical Man, by Mr. J. E. Thompson, published by the D. Van 
Nostrand Company. The same author has also written an excellent 
book entitled A Manual op the Slide Rule, which is also published by 
the D. Van Nostrand Company. 



ALGEBRA. 


Algebraic Symbols.—Algebra is the shorthand of mathematics. 
Letters and symbols take the place of cumbersome numbers, and 
many of the ordinary operations of arithmetic take a simpler and 
more compact form. In addition, algebra can be used to advan¬ 
tage in some problems where arithmetical solution would be 
extremely involved. In arithmetic the Greek letter ir is used to 
designate the number 3.14159+ and multiplication, division, etc., 
is performed with it. Similarly, the letters, a, b, c, . • . can be 
used to represent certain quantities. The first letters of the 
alphabet are usually used to represent known quantities and the 
last letters, x, y, z, to represent unknown quantities. 

The number of times that a single algebraic quantity is to be 
taken is indicated by a number before the letter. This number is 
called the coefficient. Thus, in 36, the 3 is the coefficient and the 
expression equivalent to 6 + 6 + 6. 

Signs of Algebra.—Whereas in arithmetic it is common to 
deal only with positive numbers, both positive and negative 
numbers are used in algebra and it thus becomes necessary to 
employ symbols to indicate the sign of the quantity. Thus,+a, 
+6, etc., denotes that the quantity is positive and —a, —6, etc., 
denotes that the quantity is negative. When no sign precedes a 
number or quantity it is understood to be positive. Powers and 
roots are indicated as in arithmetic. 

Parentheses.—When a number of quantities are enclosed in 
parentheses with a positive sign before, the parentheses may be 
removed without altering the expression. Thus, +(a + 6) 
becomes +a + 6. However, if the sign before is negative, the 
sign of each quantity must be changed when the parentheses are 

93 
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removed. Thus, — (o + 6) becomes —a — b, and — (o —5) 
becomes —a + b. 

Addition of Algebraic Quantities.— A number of like algebraic 
terms of like sign may be added by arranging in a column and 
adding together the coefficients, the sum having the same sign as 
the parts. Thus, 

+ 7b -12c 

+ 36 and -- 4c 

+56 - 6c 

+ 156 -22c 

If some of the quantities are unlike in sign, proceed as before, 
but regard the negative coefficients as being subtracted from the 
positive. Thus, 

+9a + 56 

+3o and + 46 

-4a -126 

+8a — 36 

When compound quantities (that is, quantities containing 
more than one term, as 2o — 46) are to be added, like terms must 
be placed in the same column and then added as above. For 
example, if 5a + 146 + 10c, 26 — 6c, 3a — 9c + 3x, and —126 — 
lie — X are to be added, the procedure is as follows: 

5a + 146 + 10c 
26 - 6c 

3a — 9c + 3x 

- 126 - 11c - X 

8a + 46 — 16c + 2x (Ans.) 

Subtraction of Algebraic Quantities. —To subtract algebraic 
quantities, change the sign of the number to be subtracted and then 
combine the two numbers as in addition. 
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Example: Subtract 6x from 15x. 

15x changing the sign of 6x makes it 

6* —6a:. Adding 15a; and —6a: gives 


Example: Subtract 6a: from — 15x. 

changing the sign of 6z makes it 
—6x. Adding — 15x and —6a: gives 
-21x. 


-15x 

6z 

-21x 


Example: From 7x — Zy take 5 x+ \2y. 


lx — Zy 
5x + 12y 

2x — 15y 


write like terms under each other 
and proceed with each pair of like 
terms as explained above. 


Multiplication of Simple Quantities.—The parts of an algebraic 
expression separated by plus and minus signs are called terms. An 
expression consisting of one term is known as monomial, one of two 
terms, a binomial, one of three terms, a trinomial, and one of many 
terms a 'polynomial. 

If two quantities to be multiplied have like signs, the sign of 
the product is plus; if they have unlike signs, that of the product 
is minus. Thus, +a multiplied by +b is +a6 (the multiplication 
sign (X) is usually omitted between letters of a term in algebra), 
—a multiplied by —b is +a6, but —a multiplied by +b is —ab. 

When multiplying monomial expressions, multiply the coeffi¬ 
cients together and prefix the product by the proper sign as out¬ 
lined above. Examples: 

Multiply —a —b. Product equals -}-o6. 

Multiply +46 by —c. Product equals —46c. 

Multiply +66by+3c. Product equals + 186c. 

Multiply — 4ox by +5a6. Product equals — 20aa6x = — 20o*6* 
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Multiplication of Compound Quantities. —To multiply one 
polynomial by another, it is necessary to multiply each term of 
the multiplicand by all of the terms of the multiplier one after the 
other as by the former rule. The products are then collected into 
one sum for the required product. 

Example: Multiply 3a: — 2y by a: + 4y. 

Solution; 3x — 2y 
a; + 4j/ 

3a;2- 2xy 

+ \2xy - 8y2 

3a:2 + 10a:y — 8j/2 (Ans.) 

Example: Multiply x — y zhy x y — z. 

Solution: x — y + z 

X + y - z 

x^ — xy + xz 

xy - y^ + yz 
— xz + yz ~ z^ 

— y^ + 2yz — (Ans.) 

Division of Monomials. —One monomial is divided by another 
by simply writing the dividend over the divisor as a fraction and 
cancelling out common factors as in arithmetic. Thus, 


12aa: -f- 6a = 


2 

Jgga ; 


= 2a;, 


and 


3 


3 

X 


Since x^ — x X x and y^ — y X y X y, powers may be factored 
and the common factors cancelled. Then, 


xV 


may be written 


JifX X XyXjyX y X y 


= xy^ 
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It is evident from this example that the same result can be arrived 
at by subtracting the exponent of the smaller number from the 
exponent of the larger. Thus, 

4 

-— = 2;(2-l)y(4-2) _ 2^2 

xy^ 

This is the method actually used in dividing monomials higher 
than the first power. 

40^6® 46® o® 1 3a6®x 

Examples: ^ - 3 


Division of Pol 3 momials.—A polynomial may be divided by a 
monomial by dividing each term of the polynomial by the monom¬ 
ial. Thus, 2a®x® -f- 3ax® + 5x divided by ax may be written 

^clx^ 5x 

H-1—Cancelling out like terms, the quotient 


ax 


ax 


ax 


becomes 2ax^ + 3a: + 


To divide a polynomial by a polynomial, arrange both the 
dividend and divisor according to the ascending or descending 
powers of some letter and keep this arrangement throughout the 
operation. Divide the first term of the dividend by the first term 
of the divisor, and write the result as the first term of the quotient. 

Multiply all the terms of the divisor by the first term of the 
quotient and subtract the product from the dividend. If there is a 
remainder, consider it as a new dividend and proceed as before. 


Example: Divide 2a:^ + iz^y -- xy — 2y^ by x + 2y 


Solution: These expressions are already arranged according 
to descending powers of x. Then, 

X + 2y) 27^ + ““2y2 \ 2x^ — y (Ans.) 

— + 4/^y 
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Multiply X + 2yhy 2x^ and obtain +2x^ + ^x^y, which is to 
be subtracted from 2x^ + in the dividend. Changing the 
signs of 27 ? + ix^y so that this term becomes —2a? — ix^y proceed 
as in addition. Then multiply x + 2y by — y and obtain — xy 
— 2y^ which is to be subtracted from —xy — 2y^, Changing the 
signs so that this term becomes + xy 2y^ proceed as in addition. 

If the division is not exact and there is a remainder after the 
last operation has been performed, write the divisor beneath it 
to form a fraction and write this fraction as the last term of the 
quotient. 

Example: Divide 4:X^y — 3xy + 6y^ by x^ — y. 

Solution: 

x^ — y)\x^y - Zxy + ^y“{^y H-(Ans.) 

— y 

Axhj — 

- Sxy + lOy^ 

Factoring. —When a number is the product of two other num¬ 
bers, the component parts are known as factors. Thus, in the 
expression 3a^, 3, a, and a, are the factors. Separating a number 
into its factors is called/adoring. 

Factoring is useful in solving equations, as will be discussed 
later, and also in simplifying complicated expressions. The 
operation of removing a monomial factor consists of scrutinizing 
each term of an expression with a view to determining common 
factors and then dividing each term by the common factor and 
placing it before the parentheses which contain the several 
quotients. 

Example: Factor 12a^x^ + — ISaa:^ + 9ax. 

Solution: Inspection reveals that a factor common to each 
term is 3aa;. Then, dividing each term by 3ax, the expression 
becomes, 3ax(4a% + llax — + 3). 

' It is often the case that no single factor can be found common 
to all the terms of an expression. . Then the terms must be 
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examined and compared with a view to grouping them and 
removing factors common to the group. Thus, in the expression 
3x^ + 96a; + 24xy + 4aa; + 12a6 + 32ay, there is no factor com¬ 
mon to all terms, but a further examinajbion shows that the first 
three terms have the common factor 3a: and the last three terms 
the common factor 4a. Removing these factors from the respec¬ 
tive terms, the expression becomes, 

3x(x + 36 + 8i/) + 4a(a: + 36 + 8y) 

which may then be consolidated to, 

(3x -f- 4a) (a: -f- 36 -f- 8j/) 

Certain trinomials which are the product of two binomials 
lend themselves to ready recognition and factoring. Examples 
of such trinomials are, (a: + 5)(x + 2) = a:^ + 7a: + 10; 
(x — 3)(x + 6) = + 3x - 18; (x + ]/)(x + r/) = x^ + 2xy + y^\ 

and (x — y){x — y) — x^ — 2xy + 

The first of these trinomials, x^ + 7x + 10, could be written 

+ 5x + 2x + 10 and the first two and the last two groups 
factored as, x(x + 5) + 2(x + 5) = (x + 2)(x + 5). Further 
examination of this example leads to the observation that the 
coefficient of the middle term of the trinomial is the sum of the 
last terms (2 + 5 = 7) of the factors, and the last term of the 
trinomial is the product of these last terms (2 X 5 = 10). This is 
the key to the factoring of factorable expressions of this type. 
Thus: 

x^ + 2x — 8 = (x + 4)(x — 2) 

x2 + X - 20 = (x + 5)(x - 4) 

x2 + 3xy + 2y^ = (a: + y){x + 2y) 

A ready recognition of a few other special forms is also valuable. 
These are, 

x2 + 2xy + y^ ^ {x + y){x + 2/) = (^ + vY 

x^ — 2xy + y^ {x — y){x — y) = (x — yY 

X? — y^ ^ {x-^ y){x — y) 
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Powers and Exponents. —When a quantity is multiplied by 
itself several times, the resulting product is called a 'power and the 
quantity itself is called the root Thus, in ax X ax X ax X ax — 
ax is the root and is the power. A small number called 
the exponent is used to indicate how many times a number has 
been multiplied by itself. 

The sign of the product of two positive numbers is plus 
(+a X + a = + a^) and the sign of the product of two negative 
numbers is also plus (—aX“-a= + but the product of a 
positive and a negative number is minus X— a = — a^). 
If, then, we raise a negative number to an odd power, for example 
to the third, as in —a X— a X— a it is evident that the first 
product of —a X— a results in a positive number and then 
when this is multiplied again by —a the product becomes nega¬ 
tive. Hence, we derive the rule that the sign of an even power 
of a negative number is positive and the sign of an odd power 
of a negative number is negative. Examples: (—a)^ =+ a^; 

q3. (—=+ a^; (—a)^ = — a®, etc. The sign of 
any power of a positive number is, of course, plus. 

The product of two or more powers of any quantity is the 
quantity with an exponent equal to the sum of the exponents 
of the powers. Examples: x^ X x^ = x^; x^y X xy = x^y-; 
ixy X (—3x2) =— 12x^yz, 

In a similar manner, the quotient of two powers is the diff¬ 
erence of their exponents. Thus, x®-^ x^ = x^”^ = x^, and 


6x4 2x3 = 


2x3 


= 3x. 


Then it is apparent that if the exponent 


of the divisor is greater than the exponent of the dividend, the 
exponent of the quotient becomes a negative number. Thus, 

x^ 1 

^ a;3 = ai^-s = j.-i q,. _ _ _ ^.-i other words, if a 

X 


power appears in the denominator with a positive exponent it may 
be shifted to the numerator by changing the sign of the exponent, as 

^ = 2(ibx~^. The law holds equally true for the reverse operation 
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If we divide one power by an equal power we have this inter- 

*3 

esting situation a:® a:® = a:®~® = x°. But — = 1. Then a:® = 1 

and the general rule may be stated, that any quantity raised to 
the zero power is equal to 1. 

When a quantity with an exponent is raised to a power, the 
exponent of the resulting quantity is the product of the exponent 
of the origmal quantity and the exponent of the power to which it 
was raised. This can be well understood from the following 
illustrations: 

(a;2)3 — x'i (y5’^2 — yS y yS — yW^ 

The square of the sum of two quantities is the sum of their 
squares plus twice their product. Thus, 

(a: + yy = 3:^ + 2/^ + 2xy; (3a: + iy)^ = 9x^ + IQy^ + 2ixy. 

The square of the difference of two quantities is the sum of 
their squares minus twice their product. Thus, 

(x — yY = — 2xy) (2x — 5yY — + 25y^ — 20xy. 

The square of a trinomial is equal to the sum of the squares 
of each term plus twice the product of each term by each of the 
other terms. Examples: 

(* + y + + 2xy + 2xz + 2yz 

(x — y — zY = x^ + y^ + — 2xy — 2xz + 2yz 

Roots.—The opposite operation to finding the power of an 
expression is called finding or extracting a root. The symbol used 
is the radical sign the same as in arithmetic, y/, with a small 
number called the root index, ■^, to indicate the number of times 
the root is contained as a factor in the power. When no index 
number is shown in the hook of the radical sign, the square root is 
intended. 

The root of a product is equal t o the product of the roots of the 
factors. Thus, Vlii = Vq >0^6 = X Vifi = 3 X 4 = 12, 
Vxy = y/x X y/y, and y/a^b = y/a^ X = a y/b. How- 
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ever, the root of the sum of several terms is not the sum of the roots 
of the individual terms. Thus, V^o; + y is not Vx + ^/y. 
A polynomial expression under a radical sign must be treated as a 
whole unless it can be simplified. 

In the preceding section it was shown that when a quantity 
with an exponent is raised to a power the exponent of the resulting 
quantity is the product of the exponent of the original quantity 
and the exponent to which it was raised, as (a^)® = Then, 
if we give a quantity a fractional exponent, for example and 
square the quantity we get this interesting result: = x. 

But (\/x)^ also equals x: Then y/x = x^ and the exponent J is 
another way of indicating square root. Similarly, it can be shown 
that xi = V^, xi == V^, etc. 

If we multiply, for example, x^ by xi we obtain xi 
= x^. Expressed in words this is, “ the cube root of the square 
of X ” and can be written Other fractional exponents can 

be similarly expressed, as af = V^, 6^ = 

In the preceding section it was shown that while the square of 
a positive number is positive, the square of a negative number is 
also positive. Then, if we are confronted with a positive power, 
as 26, it is impossible to tell whether its square root is positive or 
negative. Therefore, when the square root of a number has been 
found, it is necessary to precede it by a plus or minus sign. Thus, 

= ± 5, and = ± x. It was also found that the odd 
power of a negative number was negative. Then the odd root of 
a negative number is negative, as = — 2, ^—243 = — 3. 

The odd root of a positive number is always positive, but the even 
root of a positive number may be either negative or positive. 

The even root of a negative number cannot be determined and 
is said to be an imaginary number. Thus, the square root of —25 
does not exist. Such expressions do, however, sometimes occur 
a nd the n for the sake o f simplicity may be treated as follows: 

= V 25 X (-1) = V^X V^= = 5». The 

letter t is a S 3 nnbol used to designate y/ —1. 
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Simple Equations.—If one algebraic expression is equal in 
value to another, the two, if written with an equality sign between 
them, constitute an algebraic equation, asa + b = c + d. 

Both sides of an equation may be changed equally by addition, 
subtraction, multiplication, or division without disturbing the 
equality. To illustrate, if 

o *1- 6 = c -f* d 

then a + b + x = c + d-i-z, 
a -j- b — X = c d X, 
x(a + 6) = x(c + d) 

o + h c d 
and - = - 

X X 


Thus, if we have the equation, x -\-Zy — 10, and want to know the 
value of X , it is only necessary to subtract 3y from both sides of the 


equation. Then 


a: + 3y - 3y = 10 - 3y 


X = 10 — 3y 


From this it is apparent that any term of an equation may be 
changed from one side to the other provided its sign is moved. 
This is called transposition. 

Solution of Simple Equations.—When the value of an unknown 
symbol in an equation is determined, the equation is said to be 
solved. Equations containing only one unknown quantity may 
be solved as follows: Transpose all the terms containing the 
unknown quantity to the left side of the equation, and all the 
other terms to the right side. Combine like terms, and divide both 
sides of the equation by the coefficient of the unknown quantity. 


Illustrations: 

9x - 18 = 12 - 6 + 3x 

9x — 3x = 12 — 6 + 18 (transposing) 

6x = 24 (collecting terms) 

^ = HI 
6 “ 6 

X = 4 


(dividing by coefficient) 
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3 y + 4 = 8 y + 36 
3y — 8 y = 36 — 4 

(transposing) 

-by = 32 

(collecting terms) 

CO 

il 

1 

(dividing by coefficient) 

1 

II 

(changing signs of both sides) 

3|2 - 14 = 8 + 3a 
3|a - 32 = 8 + 14 


i 2 = 22 


if _ 

2 1 


22 „„ 
2 = — = 22 
2 

II 

1 ’H 

X 


Solution of Simultaneous Simple Equations.—If an equation 
contains two unknown quantities, an indefinite number of pairs of 
values for them may be found, which will satisfy the equation. 
For example, in the equation, a: + 3 / = 12 , when x is 4, y is 8 ; 
when X is 9, 2 / is 3; when x is 16, y is —4; etc. However, if a 
second equation containing the same unknowns is given, a single 
pair of values may be found which will satisfy both equations. 
Equations solved for common values of their unknowns are called 
simultaneous equations. 

The process of solving two simultaneous equations of two 
unknowns is to eliminate temporarily one of the imknowns by 
combining the two equations into one equation containing the 
other Unknown only. One method of doing this is elimination by 
addition or subtraction. This proceeds as follows: Multiply the 
equations by such a number as will make the coefficients of one 
of the unknown quantities equal in both. Add or subtract the 
two equations according to whether the unknown quantities of 
equal coefficients have unlike or like signs. Solve the resulting 
equation of the remaining unknown in the regular manner and 
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substitute the value found in one of the original equations to 
determine the value of the second unknown. 


Illustration: 

equations 


Multiply 1st by 4 
Multiply 2nd by 3 


Find the values of x and y in the simultaneous 

3a; — 2y — 30* 

4a; + 4y = 20 

- 8j/ = 120 

jai + 12y = 60 

- 20j/ = 60 


y = -3 

Substituting value of y in first equation 

3a: + 6 = 30 
3a: = 24 
a; = 8 


Substituting the values found, a; = 8, ^ — 3 in the other original 

equation to check results, 

4X8 + 4 (-3) = 20 
32-12 = 20 

20 = 20 


Another method is elimination by comparison. From each 
equation obtain the value of one of the unknown quantities in 
terms of the other. Form an equation from these equal values of 
the same unknown quantity and reduce and solve in the regular 
manner and substitute the value found in one of the original equa¬ 
tions to determine the value of the second unknown. 


Illustration: Find the values of x and y in the simultaneous 
equations 2x + 3j/= 7 (1) 

ix — by = Z (2) 

1 -Zy 


From (1) 


X — 


2 

3 + 5j/ 


From (2) 


X = 


4 
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Equating these, 
Multiplying by 4, 


7 — 3y ^ 3 + 5y 
2 “ 4 

14 — = 3 + 6y 

lly = 11 
y = 1 


Substituting in one of the original equations: 
2a: + (3 X 1) = 7 
2a; = 4 
X — 2 


The answer is, a: = 2, j/ = 1, and may be checked by substituting 
these values in the two original equations. 

A third method is elimination by substitution. From one of the 
original equations obtain the value of one of the unknown quan¬ 
tities in terms of the other. Substitute this value of this unknown 
quantity for it in the other equation and reduce the resulting 
equations. 


Illustration: 

equations 


From (1) 


Find the values of x and y in the simultaneous 

4a; - 6y = 28 (1) 

2x - 8y = 24 (2) 

28 + 6y 


Substituting this value in (2) 
28 4-6y 


2 X 


82/ = 


14 32/ — 8y = 

— 52 / = 

y = 


24 

24 
10 
- 2 


Substituting this value in (1) 


4a; -f 12 = 28 
4a; = 16 
a: = 4 


The answer is, a; = 4, y 


^ O 



ALGEBRA 


107 


The solution of equations containing three unknowns requires 
three simultaneous equations. Essentially the same methods may 
be applied as for the solution of two simultaneous equatipns. One 
of the unknown quantities must be eliminated between two 
pairs of the equations, then a second between the two resulting 
equations. 

Quadratic Equations. —^Equations containing the square or 
the second power of the unknown quantity but no higher power 
are called quadratic equations. A pure quadratic contains only 
the square; an affected or complete quadratic contains both the 
square and the first power. The equation + 18 = 3x* — 8 
is a pure quadratic; 50x^ — 5x = 125 is a complete or affected 
quadratic. 

Solution of Pure Quadratic Equations. —To solve a pure 
quadratic collect the unknown quantities on the left side and the 
known quantities on the right side; divide by the coefficient of the 
unknown quantity and extract the square root of each side of the 
resulting equation. Examples: 

Solve 6 x^ — 2x^ = 64 

4x^ = 64 (Combining terms) 

x^ — 16 (Dividing by coefficient) 

X = ± 4 (Extracting square root) 

Solve 5x® — 55 =0 
5x^ = 55 
x2 = 11 

X =± VTT 

The root which is indicated, but can only be found approxi¬ 
mately, is called a surd. 

Solve 8x2 _|_ 04 =0 

8 x 2 _ _ 04 

X = V-8 
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The square root of a negative number cannot be found even 
approximately and the root which is indicated is called imaginary. 

Solution of Affected or Complete Quadratics.-'— Several methods 
(A solution are applicable to complete quadratics. We shall con¬ 
sider first equations which may be solved by factoring. All of the 
terms are,first transposed to the left-hand side leaving zero on the 
right and we obtain an equation of this type. 

a;2 -1- 8a: -M5 = 0 

By the process previously described, the middle term may be 
separated into the sum of two terms. We then have 

*2 -1- 3a; -b 5x -f 15 = 0 
then grouping (x^ -f 3x) -f (6x -|- 15) = 0 
and factoring x(x -f 3) 5(x -f 3) = 0 

(x + 5)(x -f 3) = 0 

Any number multiplied by zero is equal to zero. Then in order 
for the product of these two factors to equal zero, either (x -f 5) 
or (x -f 3) or both must equal zero. 

If X -|- 5 = 0, then x = — 5 

If X -f 3 = 0, then x = — 3 

If we substitute x = — 5 into the original equation we obtain 
(-5)2 -I- 8(-5) -1- 15 = 0 
25 - 40-1- 15 =0 

Similarly, if we substitute x = — 3, 

(-3)2 + 8(-3) -f 15 = 0 

9 - 24 -M5 =0 

Thus, there are two solutions to the equation since either 
x=—5orx= — 3 satisfy it. 

All complete quadratics may be solved by the method of 
completing the square. First transpose all of the terms containing 
the unknown to the left-hand side of the equation and the known 
quantities to the right-hand side. Arrange the unknown quan¬ 
tities in the order of their exponents and change signs, if necessary. 
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80 that the term containing the square will be positive. Divide 
all terms by the coefficient of the square of the unknown quantity. 
Complete the square by adding to both sides of the equation the 
square of half the coefiScient of the first power of the unknown. 
The left-hand side will then be a perfect square. Extract the 
square root of both sides of the equation and solve the resulting 
simple equation. Examples: 

Solve 2x^ + — 70 ~ 0. 


2x2 + 4x = 70 
x2 + 2x = 35 
x2 + 2x + 1 = 35 + 1 
(x + 1)2 = 36 

X + 1 = ± 6 


(Transposition) 

(Dividing by coefficient of x^) 
(Adding square of J coeflScient of x) 

(Extracting square root) 


X =- 71 
or X = + 5j 


(Ans.) 


Here again we find that the equation has two solutions. Both 
solutions may be correct. Moreover, in some practical problems 
one answer may be correct and the other inconsistent with the 
conditions of the problem. 

Example: A park which is in the form of a right triangle 
has one side twenty-five feet longer than the other. If the area 
is 625 square feet, find the length of the sides. 

Let X = shorter side 

X + 25 = longer side 

ife+i5).625 
2 

+ 25a: = 1250 
a^ + 25x- 1250 = 0 
(a: + 50)(a: - 25) = 0 

a: =-50 ft., a: + 25 =-25 ft. 
a: = 25 ft., x + 25 = 50 ft. 



Fig. 1. 
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The —50 and —25 do not satisfy the conditions of the problem 
and therefore should be neglected. 

A third method of solution is by the use of the quadratic 
formula. The terms of a complete quadratic equation when 
collected on one side of the equality sign constitute a trinomial 
consisting of one term with the unknown to the second power, 
one term with the unknown to the first power, and the third term 
of known quantities. This may be written in the general form 

ax^ + hx + c ^ Q 

The coeflScients a and b and the term c may be numerical or literal 
numbers, positive or negative, monomials or polynoroials. The 
roots of this equation by the quadratic formula are 

—6 + — 4ac 


— 6 — \/h^ — 4ac 
^ = — 

Examples: 

Solve 2x^ + Sy + 1 = 0. 

-3 + V(3)2 -4X2X1 


2X2 

-3 + Vq - 8 

-3 + 1 

4 

4 

-3 - V(3)2 -4X2X1 

2X2 


1 

CO 

1 

< 

o 

1 

00 

1 

-3 - 1 


4 4 


The roots of the equation are, x = — a: = — 1, both real and 
rational numbers. 
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Solve 3*^ + 6y — 4 = 0. 

^ -5 + V25 + 48 _ -5 + 

6 6 

= 1.590+ 

6 6 

-5- V25 + 48 - 5 - VtS 


-5-8.544+ 

6 


-13.544 

6 


= - 2.257+ 


In this example the roots are real, but since (b^ — 4ac) is not a 
perfect square, they are not rational, that is, they terminate in 
never-ending decimals. 


Solve — -f 4x — 8 = 0. 

x-2 = 0 
— X 2 = 0 

1 + Vl - 8 1 + 

- - 2 - = -2- 

1 - Vl - 8 1 - 


In this example (b^ — 4ac) is less than zero (negative) and since 
the square root of a negative number is an imaginary, the roots of 
the equation are imaginary. 


Reference, — Algebra for the Practical Man, by Mr. J. E. Thomp¬ 
son (D. Van Nostrand Company), covers the subjects dealt with above, 
as well as many others, with a simplicity particularly suited for home study. 
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GEOMETRY 


Geometry is the science which treats of the properties of lines, 
angles, surfaces, and solids. It is based on a number of theorems 
and constructions for which formal proofs have been developed. 

These proofs are of little concern to the 
practical man. Hence, this section will present 
the most important definitions and conclusions 
without proofs, and then pass on to mensura¬ 
tion or the measurement of lines, areas and 
volumes, which is of great practical value to 
everyone, and then to geometrical construc¬ 
tion which is very useful to the man in the 
shop and at the drafting table. 

Definitions.—A point indicates position but 
has no magnitude, nor dimensions; neither length, breadth, nor 
thickness. 

A line has length but no breadth or thickness It may be 


z 

— 

7 

z 


7 


Fig. 1. 


Right Angle 

Fig. 2. 



Acute Angle 

Fig. 3. 



Obtuse Angle 

Fig. 4. 


straight, curved, or mixed. A straight line is the shortest dis¬ 
tance between two points. A curve continually changes its 
direction between its extreme points. When a line is mentioned 
simply, it means a straight line. 

n? 
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A surface has length and breadth but no thickness, It may 
be either plane or curved. 

A solid or body is a figure of three dimensions, namely, length, 
breadth, and depth or thickness. 

An angle is formed by the intersection of two lines. The 
point of intersection is called the vertex. 

A right an^e is formed when one of the lines is perpendicular 
to or makes an angle of 90 degrees with the other line. An acute 
angle is less than a right angle. An obtuse angle is greater than 
a right angle. Acute and obtuse angles are also said to be <Mique. 

A plane is that with which a straight line may every way 
coincide, or, if the line touches the plane at two points, it will 
touch it at every point. 



Fig. 6. 



Equiangular Triangle 

Fig. 6. 



Right’-Angled Triangle 
Fig. 7. 



Acute Triangle 
Fig. 7a. 


Plane figures are bounded either by straight lines or curves. 
Plane figures that are bounded by straight lines have names 
according to their number of sides or of their 
angles, for they have as many sides as angles, 
the least number being three. 

A plane figure bounded by three sides is 
called a triangle. 

An equilateral triangle has three sides ‘‘S” 
equal. Its three angles are also equal and 
each has a value of 60 degrees. 

An isosceles triangle has two equal sides, 
called its legs. The angles between each leg of the isosceles 
triangle and the third side are called the base angles and are 
equal. 


c 



Fig. 8. 
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A scaUne triangle has no sides equal. 

A rightrangled triangle has two sides perpendicular to each 
other making the angle between them a right angle or 90 degrees. 
The side opposite the right angle is called the hypotenuse, the other 
two sides are called the legs. The square of the length of the 
hypotenuse is equal to the sum of the squares of the lengths of 
the legs, or in Fig. 7, — a? b^. 

All triangles other than right-angled triangles are oblique-^ 
angled and are obtuse’-angled if they have one obtuse angle and 
acute-angled if all three angles are acute. 

A figure of four sides and angles is called a quadrangle or 
quadrilateral. 

A parallelogram is a quadrilateral which has both of its pairs 
of opposite sides parallel, and it takes the following particular 
names: rectangle, square, rhomboid, and rhombus. 


□ 
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] Fw. 9. 


Fig. 10. 


Fig. 11. 


Fig. 12. 


Fig. 13. 


Fig. 14. 


Fig. 16. 


A rectangle is a parallelogram, having 
right angles. 

A square is an equilateral rectangle, hav¬ 
ing its length and breadth equal. 

A rhomboid is an oblique-angled paral¬ 
lelogram. 

A rhombus is an equilateral rhomboid, 
having all its sides equal but its angles 
oblique. 

A trapezoid is a quadrilateral which has 
only one pair of opposite sides parallel. 

A trapezium is a quadrilateral which has 
no opposite sides parallel. 

A diagonal is a line joining any two op¬ 
posite angles of a quadrilateral. 
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Plane figures having more than four sides are, in general, 
called polygons and they receive their names according to their 
number of sides or angles. Thus, a pentagon is a polygon of 
five sides; a hexagon of six sides; a heptoflonf seven; an octagon, 
eight; a nonagon, nine; a decagon, ten, etc. A regular polygon 
has all its sides equal and all its angles equal. 

A circle is a plane figure bounded by a curved line called the 
circumference or periphery which is everywhere equidistant from 
a certain point within called its center (point c in Fig. 16). 

The radius of a circle is a line drawn from the center to the 
circumference (c/ in Fig. 16). 

The diameter of a circle is a line drawn through the center and 
terminating at the circumference on both sides (ecd in Fig. 16). 
It is equal to twice the radius. 

An arc of a circle is any part of the circumference (as ah or hd 
in Fig. 16). 

A chord is a straight line joining the extremities of an arc 
{ab in Fig. 16). 

A segment is any part of a circle bounded by an arc and its 
chord (as shaded area between a and b, Fig. 16). 

A sector is any part of a circle bounded by an arc and two 
radii drawn to its extremities (as shaded area between cd, cf, and 
fd, Fig. 16). 


f 



Circle 


A semicircle is half the circle, or a seg¬ 
ment cut off by a diameter. The half cir¬ 
cumference is sometimes called the semi- 
drcumference. 



Fiq. 16. 


Fig. 17. 


The height or altitude of a figure is a perpendicular let fall from 
an angle or its vertex, to the opposite side, called the base. 

Geometrical Propositions.—A great many of the practical 
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problems in this book axe based upon the following geometrical 
propositions: 

If a triangle is equilateral, it is equiangular, and vice versa. 

If a straight line from the vertex of an isosceles triangle bisects 
the base it bisects the vertical angle and is perpendicular to the base. 

The sum of the three angles in a triangle always equals 180 
degrees. 

If two triangles are mutually equiangular, they are similar and 
their corresponding sides are proportional. 

In every triangle, that angle is greater which is opposite a longer 
side. In every triangle, that side is greater which is opposite a 
greater angle. 

In every triangle, the sum of the lengths of two sides is always 
greater than the length of the third side. 

In a right triangle the square on the hypotenuse is equal to the 
sum of the squares on the other two sides. 

The areas of triangles having equal base and equal height are 
equal. 

If a triangle is inscribed in a semicircle, it is right-angled. 

In a quadrilateral, the sum of the interior angles equals four 
right angles or 360 degrees. 

In a parallelogram, the opposite sides are equal; the opposite 
angles are equal; it is bisected by its diagonal and its diagonals 
bisect each other. 

The areas of two parallelograms which have equal base and 
height are equal. 

If the diameter of a circle is at right angles to a chord, then it 
bisects or divides the chord into two equal parts. If two chords 
intersect each other in a circle, the rectangle of the segments of the 
one equals the rectangle of the segments of the other. 

If an angle is formed by a tangent of any chord, it is measured 
by one-half of the arc intercepted by the chord; that is, it is equal 
to half the angle at the center subtended by the chord. 

If two circles are tangent to each other, then the straight line 
which passes through the centers of the two circles must also pass 
through the point of tangency. 
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The length of circular arcs of the same circle are proportional 
to the corresponding angles at the center. 

The circumference of two circles are proportional to their 
radii. 

The areas of two circles are proportional to the squares of 
their radii. 

Mensuration.—This subject deals with the finding of lengths, 
areas, and volumes, of lines, surfaces,* and solids, respectively. 
We need a few more definitions of solids before proceeding. 

A prism is a solid of which the sides are parallelograms and the 
ends equal, similar, and parallel plane figures. The figure of the 
ends gives the name to the prism; if the ends are triangular, the 
prism is triangular, etc. If the sides and ends of a prism be all 
equal squares, the prism is called a cube; and if the base or ends 
be parallelograms, the prism is called a parallelopiped. The 
cylinder is a round prism having circular ends. A right prism 
has its axis perpendicular to the base. 

The pyramid has any plane figure for its base, and its sides 
triangles of which all the vertices meet in a point at the top called 
the vertex of the pyramid. A right pyramid has its axis perpen¬ 
dicular to the base. 

A cone is a solid figure having a circle for its base and ter¬ 
minated in a vertex. 

A sphere or globe is a solid bounded by one continued curved 
surface, every point of which is equally distant from a point 
within the sphere called the center. 

The axis of a solid is a straight line drawn through the solid, 
from the middle of one end to the middle of the opposite. 

The height of a solid is a line drawn from the vertex perpendicu¬ 
lar to the base or the plane on which the base rests. 

The segment of a solid is a part cut off by a plane, parallel to 
the base; and the frustum is the part remaining after the segment 
is cut off. 

Properties of the Circle.—The circumference of a circle is 
divided into 360 equal parts, called degrees) each degree into 
60 minutes^ each minute into 60 seconds. Hence a semicircle 
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contains 180 degrees^ and a quarter of a circle, or a quadrant, 
90 degrees. 

The ratio of the length of the circumference of a circle to its 
diameter is a constant and has the value, 3.14159265+. For 
nearly all practical computations, this number is shortened to 
3.1416. This ratio is called pi and is represented by the Greek 
letter tt. If we let D represent the diameter of a circle and r the 
radius, then we may write 

circumference = tt X D = 3.1416D 
or, 

circumference = 7rX2r = 2X3.1416r 


Illustration: What is the circumference of a circle whose 
radius is 6 inches? 

circumference = 7rX2r = 2X6X 3.1416 = 37.7 in. (Ans.) 
The area of a circle is equal to or ttt^. 

Illustration: What is the area of a circle whose diameter 
is 6 inches? 


area = J X 3.1416 X 25 = 19.6 sq.in. 

Illustration: What is the area of a circle whose radius is 
I inch? 

area = tt X = 3.1416 X ^ = 0.049 sq.in. (Ans.) 

To find the area of a sector when (1) the length of the arc is 
known, and (ll) when the angle of the sector is known: 


Case I. Multiply the length of the arc by | the radius. 

Then, when A = area, I = length of 
arc, and r = radius, 



rl 

2 ’ 


Illustration: The 
of a sector is 40 feet on 


length of arc 
a circle whose 


diameter is 300 feet, 
of the sector? 


What is the area 
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. rl 150 X 40 ,x / * X 

A — — — - - -= 3000 sqit. (Abb.) 

^ /u 

Case II. The area of a sector of a circle is to the area of the 
whole circle as the number of degrees in t;he arc of the sector is to 
360 degrees. Then if ^ = angle of sector, and area of circle = irr^, 


A' 


irr‘ 


A. 

360’ 


_±_ 

360 




Illustration: What is the area of a 60-degree sector of a 
circle whose diameter is 12 inches? 

6 X 3.1416 = 18.85 sq. in. (Ans.) 

The area of a segment of a circle in terms of its height, h, length 
of arc, I, length of chord, c, and radius of circle, r, is 

A = \[r(Jt — c) -f Ac] 



Base 
Fig. 19. 



Properties of Triangles.—The area of any triangle is one* half 
the product of the base and the height 

Area = Kbase X height) 

Illustration: What is the area of a triangular lot whose 
base is 40 feet and whose height is 48 feet? 

A = X h) = ^(40 X 48) = 960 sq.ft. (Ans.) 

The area of a right triangle is one-half of the product of the 
two legs. 
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The area of any triangle whose three sides are known can be 
found by subtracting from one-half the sum of the three sides 
each side severally, then extracting the square root of the product 
of the three remainders and the half-sum of the sides. Thus when 

5 = + 6 + c) 

Area = Vs(s — a)(s — b){s — c) 

Illustration: What is the area of a triangle whose sides 
are 5, 7, and 8 inches long? 

a h + c 5 + 7 + 8 

s =--- =---= 10 

2 2 

A = V 10(10 - 5) (10 - 7) (10 - 8) 

= VlOX5X3X2 = VSOO = 17.32 sq.in. (Ans.) 



Fig. 21. Fig. 22. 


Properties of Quadrilaterals.—The area of any 'parallelogram 
is the product of the altitude and the base. A = b X h. 

Illustration: What is the area of a rhomboid whose base 
is 8 inches and whose height is 3| inches? 

A = 6XA = 8X3J = 28 sq.in. (Ans.) 

Illustration: What is the area of a square whose side is 
4J inches? 

A = fcXA = 4JX4J = 18.0625 sq.in. (Ans.) 

The area of a trapezoid is the product of one-half the sum 
of the two parallel sides and the height. A = ^(a + 6) X A. 



GEOMETRY 


121 


The area of a trapezium can only be found by drawing the tra¬ 
pezium to scale and then drawing a diagonal the length of which is 
measured by the same scale and then solving for the separate areas 
of the two resulting triangles by , 

A = VSiS - a) iS - b){S - c) 

Areas of Regular Polygons.—^The areas of regular polygons 
may readily be calculated with the use of Table 1. The 
area is equal to the product of the square of the length of 
one side and the corresponding factor in the third column of the 
table. 


TABLE 1 


No. of 
Sides 

Name of 
Polygon 

Factor (F) 

3 

Triangle 

0.4330127 

4 

Tetragon 

1.0000000 

5 

Pentagon 

1.7204774 

6 

Hexagon 

2.5980762 

7 

Heptagon 

3.6339124 

8 

Octagon 

4.8284271 

9 

Nonagon 

6.1818242 

10 

Decagon 

7.6942088 

11 

Undecagon 

9.3656405 

12 

Dodecagon 

11.1961524 


Illustration: What is the area of a regular octagon the 
length of whose side is 6 inches? 


= 4.828 = 173.81 sq. in, (Ans.) 
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Properties of Prisms and Cylinders.—The volume of any 
prism or cylinder is the product of the area of the base and the 
altitude. 

The volume of a circular cylinder is then, V = rr^h, when h 
is the altitude and r the radius of the base. 

Illustration: What is the volume of an oil drum 20 inches 
in diameter and 30 inches high? 

F = ,rr2A = ^rlO^ X 30 = 3000 X 3.1418 = 9,425 cu. in. (Ans.) 



Illustration: What is the volume of a prism whose height 
is 12 inches and whose base is a right triangle with legs 5 inches 
and 8 inches long? 

Area of base = | X 5 X 8 = 20 sq. in. Volume = A X h — 
20 X 12 = 240 cu. in. (Ans.) 

The surface area of a right prism or cylinder is the product of 
the height and the perimeter of a base plus the area of the two 
bases. The surface area of a cylinder is then, A = 2wrh + 2irr^ = 

2jrr(A + r) or rrDh + = vD^ + 

Illustration: What is the surface area of pole 12 inches in 
diameter and 9 feet long? 

4 = irD^h + = jr X 1 X (9 + §) 

=9.5 X 3.1416 = 29.8 sq. ft. (Ans.) 
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Illustration: What is the surface area of a hexagonal bar 

1 inch on the side and 8 inches long? 

Area of end — X F — X 2.598 == 2.6 sq. in. Area of 

2 ends = 5.2 sq in. ^ 

Perimeter = 6 X 1 = 6 in. Area of sides = 6 X 8 = 48 sq in. 
Total area = 48 + 5.2 = 53.2 sq.in. (Ans.) 

Properties of the Sphere.—The volume of a sphere is iirr^ 
or 


Illustration: What are the cubical contents of a spherical 
balloon 50 feet in diameter? 




125,000 

6 


X 3.1416 


= 65,450 cu.ft. (Ans.) 


The surface of a sphere is ttD^ or 

Illustration: What is the area of a 
spherical water tank 22 feet in diameter? 



Fig. 24. 


A = 7rZ)2 = 3.1416 X 22 X 22 = 1521 sq.ft. (Ans.) 

The volume of a segment of a sphere is three times the square 
of the radius of the base plus the square of the height, this sum 
multiplied by the height and by 0.5236. If r is the radius of the 
base and h is the height, then volume = 0.5236/i(3r2 + h^). 

Illustration: What is the volume of the segment shown in 
Fig. 24? 

Here, r = 4 in., A = 2 in. Then, 

V = 0.5236/i(3r2 + h^) = 0.5236 X 2(3 X 16 + 4) 

= 54.45 cu.in. (Ans.) 

Properties of Pyramids and Frustums of Pyramids.—The 
volume of any pyramid is one-third the product of the area of 
the base and the altitude. V = ^Ah. 

Illustration: What is the volume of a pyramid whose base 
is a square, 8 feet on a side, and whose altitude is 4 feet? 

7=«iXAA = JX8X8X4 = 85.33 cu. ft. (Ans.) 



124 HANDBOOK OF APPLIED MATHEMATICS 


The slanted surface of a regular pyramid is one-half the 
product of the perimeter of the base and the slant height of a side 
(not the slant height of an edge). 

The total surface area of a pyramid is the sum of the slanted 
surface and the area of the base. 




Fig. 25. Fig. 26. 


The volume of a frustum of a pyramid when a is the area of 
the small end, A the area of the large end, and h the perpendicular 

h , _ 

distance between the ends is, V == -(a + A + ^/Aa). 

o 

The area of the slanted surface of a frustum of a pyramid is the 
sum of the perimeter of the small end and 
the perimeter of the large end multiplied by 
the slant height and divided by two. 

Properties of Cones and Frustums of 
Cones.—The volume of a cone is one-third 
the product of the area of the base and the 
altitude. Then, V = ^irr^h or 

Illustration: What is the volume of a 
conical pile of coal 30 feet in diameter and 
14 feet high? 

V = ^ly^h = 3.1416 X 302 x 14 = 3299 cu.ft. (Ans.) 

The area of the curved surface of a cone is one-half the product 
of the circumference and the slant height. If /S » slant height, 
then, A = JttDjS. 

The volume of a frustum of a cone when R is the radius of the 
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large end, r the radius of the small end, and h the perpendicular 

h 

distance between the ends is, V = + Br)v-. 

3 

( 

The area of the curved surface of the frustum of a cone when 
R, r, and h have the same significance as above, is, 

Curved area = {R + r)T\^ (R - r)^ + 

Conic Sections.—A cone has already been defined as a solid 
figure having a circle for its base and terminated in a vertex. 
Conic sections are the figures made by a plane cutting a cone. 
Depending on the different positions of the cutting plane, there 
arise five different figures or sections, namely, a triangle, a circle. 


A 

a b c d e 
Fig. 28 . 

an ellipse, an hyperbola, and a parabola, only the last three of 
which are usually called conic sections. 

If the plane passes through the vertex and any part of the 
base, the section will be a triangle as in Fig. 28a. When the 
plane cuts the cone parallel to the base, the section will be a 
circle as in Fig. 28&. When the cutting plane makes an angle 
with the base of less inclination than the side of the cone, as in 
Fig. 28c, the section will be an ellipse. When the cutting plane 
and the side of the cone make equal angles with the base, the 
section will be a parabola as in Fig. 2Sd. The section is a hyperboUi 
when the cutting plane makes a greater angle with the base than 
the side of the cone makes. Fig. 28c. If the sides of the cone 
be continued through the vertex, forming an opposite equal cone, 
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and the plane also continued to cut the opposite cone, this latter 
section will be the opposite hyperbola to the former. 

Conic sections have considerable practical usefulness. Rein¬ 
forced concrete arch bridges are often elliptical, parabolic, or even 
hyperbolic in section. Where curves with large diameters are 
needed such as for the cross-section of a pavement, the camber 
of a bridge, or the upper chord of a truss bridge, a parabolic 
curve is usually used instead of a circular curve because it is 
more readily computed and laid out. If a source of rays is placed 
at a certain point called a focus within a parabolic surface, these 
rays will be reflected in parallel lines. This principle is made 
use of in heat and light reflectors. 

The subject of conic sections belongs 
to the study of analytical geometry which 
cannot be covered in this book. 

Circumference and Area of an 
Ellipse.—The approximate circumference 
of an ellipse may be found by the follow¬ 
ing equation when a is half the smallest 
diameter and & half the largest diameter: 

Circumference == T^y/2{a^ + h^) 

The area of an ellipse is given by 

Area = tt X a X 6 

Geometrical Drawing.—Euclidean geometry is based on con¬ 
structions using as the only tools a pencil, a pair of compasses, 
and a straight-edge or ruler. These constructions are simple and 
very useful. For instance, a building foreman may be confronted 
with the problem of laying out a line perpendicular to another 
line and of lengths too great for the effective use of the carpenter^s 
square. Then, knowing the principles of geometrical construction 
and using a string for compasses, a sight-line between two nails, 
or a board, for a straight-edge, and a pencil, he can erect the 
perpendicular just as readily as it can be drawn on paper. 
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The following are the more important constructions: 

To divide a straight line into a given number of equal parts. 
(See Fig, 30.) 

Given line a b, which is to be divided into a given number of 
equal parts. Draw the line b c, of indcfimte length, and point off 
from b the required number of equal parts, as h, g, /, e, d, o'; 
join o' and a, and draw the other lines parallel to c' a. 

To erect a perpendicular at a given point on a straight line. 
(See Fig. 31.) 

Given line a b and the point x. The required perpendicular 
xy. 



Fia. 30. Fig. 31. 


Solution: 

With X as center and any radius, as x 1, cut the line o 6 at 
1 and 2. With 1 and 2 as centers and with a radius somewhat 
greater than 1 to x, describe arcs intersecting each other at y. 
Draw X y. This will be the required perpendicular. 

From a given point without a straight line to draw a per¬ 
pendicular to the line. (See Fig. 32.) 

Given line o 6 and the point c. The required perpendicular 
is X. 


Solution: 

With the point c as center and any radius as c 1, strike the 
arc 1 to 2. With 1 and 2 as centers and any suitable radius, 
describe arcs intersecting each other at n, lay the straight-edge 
through points n and c and draw the perpendicular x. 
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To erect a perpendicular at the extremity of a straight line. 
(See Fig. 33.) 

Given line a b. The required perpendicular is x. 

SoLimoN: 

From any point, as c, with radius as oc, draw the circle. 
From point of intersection, n, through center, c, draw the diameter 
n p. From the point o, through the point of intersection at p, 
draw the perpendicular x. 



FxG. 32. Fig. 33. 


The correctness of this construction is founded on the principle 
that inside a half circle no other angle but an angle of 90° can 
simultaneously touch three points in the circumference when 
two of these points are in the point of intersection with the diameter 
and the circumference and the third one anywhere on the cir¬ 
cumference of the half circle. The pattern maker is making 



Fig. 34. Fig. 36. 


practical use of this geometrical principle, when he by a common 
carpenter’s square is trying the correctness of a semi-circular 
core box, as shown in Fig. 34. 

Draw a line parallel to a given line. (See Fig. 35.) 

Given line o b. The required line x y. 
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Solution : 

Describe with the compass from the line a h, the arcs 1 and 2; 
draw line x y, touching these arcs. 

To divide a given angle into two equal 
angles. (Fig. 36). 

The given angle, ab c, is divided by 
the line h d. 

Solution: 

With b as center and any radius, as 
b 1, describe the arc 1 to 2. With 1 and 
2 as centers and any suitable radius, describe arcs cutting each 
other at d. Draw line b d, which will divide the angle into two 
equal parts. 

To draw an angle equal to a given angle. (Fig. 37). 

Given angle ab c. Construct angle 
xy z. 

With b as center and any radius, as 
b 1, describe the arc 1 to 2, using y as 
center and without altering the compass 
describe the arc 1, intersecting y z. 
Measuring the distance from 2 to 1 on 
the given angle, transfer this measure 
to the arc 1, through the point of inter¬ 
section. Draw the line y x, and this angle will be equal to the 
first angle. 

Note. —Angles are usually measured by a tool called a pro¬ 
tractor, looking somewhat like Fig. 38 or 39, usually made from 
metal, and supplied by dealers in draughting instruments. A 
protractor may also be constructed on paper and used for measur¬ 
ing angles, but it should then always be made on as large a scale 
as convenient. 



Fig. 37. 



To draw a protractor with a division of 5®. (See Fig. 39.) 
Construct an angle of exactly 90®, divide the into nine 
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equal parts, then each part is 10°; divide each part into two 
equal parts and each is 5°. 

Prove that the sum of the three angles in a triangle consists 
of 180°. (See Fig. 40.) 



Solution: 

In the triangle ab c, extend the base line to i. Draw the line 
0 p, parallel to the side a b, thereby the angle g will be equal to 
the angle d, and the angle h must be equal to the angle c. The 
angle / is one angle in the triangle and f + g + h = 180°. 



Fiq. 40. Fia. 41. 


To draw on a given base line a triangle having angles 90°, 
30°, and 60°. (See Fig. 41.) 

Given line a b, required triangle is a, c, b. 

Solution: 

Extend the line o 6 to twice its length, to the point e. With e 
and b as centers strike arcs intersecting each other and erect the 
perpendicular a c. With b as center and a radius be draw an arc 
intersecting ac at c. Connect b and c. This will complete the 
triangle. 
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To draw a square inside a given circle. (See Fig. 42.) 


Solution: 

Draw the line a h through the center 
of the circle. From points of intersec¬ 
tion at a and 6, describe with any 
suitable radius arcs intersecting at n 
and m. Draw through the points the' 
line c d. Connect the points of inter¬ 
section on the circle, and the required 
square is constructed. 


c 



Fig. 42. 


To draw a square outside a given circle. (See Fig. 43.) 


Solution: 

Draw lines a b and c d, and from points of intersection at b and c, 
describe half circles; their points of intersection determine the 
sides of the square. 


c 





Fig. 45. 


To draw a hexagon within a given circle. (See Fig. 44.) 

Apply the radius as a chord successively about the circle; 
the resulting figure will be a hexagon. 

To inscribe in a circle a regular polygon of any given number of 
sides. 

Solution: 

Divide 360 by the number of sides, and the quotient is the 
number of degrees, minutes, and seconds contained in the center 
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angle of a triangle, of which one side will make one of the sides 
in the polygon. For instance, draw a hexagon by this method. 
(See Fig. 45.) 

^- 60 « 

6 

To find the center in a given circle. (See Fig. 46.) 

Solution; 

Draw anywhere on the circumference of the circle two chords 
at approximately right angles to each other; bisect these by the 



perpendiculars x and y, and their point of intersection is the 
center of the circle. 

To draw any number of circles between two inclined lines 
touching each other and the lines. (See Fig. 47.) 

Solution: 

Bisect the inclination of the given lines c 6, c d by the line e f. 
From a point i in this line draw the perpendicular i g to the line a b 
and at i describe the circle g e touching the lines and cutting the 
center line at k. From k draw k h perpendicular to the center line 
and cutting ab at h and from h describe an arc k g' cutting a b 
at g' I" parallel to g i the center of the next circle to be described 
with radius k i' and so on for the next. 

To draw a circle through three given points. (See Fig. 48.) 

The given points are a, &, and c. 
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Soltjtion: 

From a and b as centers with suitable radius, describe arcs 
intersecting at ee. Draw a line through these points^ Fromh 
and c as centers, describe arcs intersecting at d d; draw a line through 
these points. The point where these two lines intersect is the 
center of the circle. . 


To draw two tangents to a circle from a given point without 
same circle. (See Fig. 49.) 

Given point o, and the circle with the center n. The required 
tangents are a d and a b. 


Solution: 

Bisect line n a. With c as center and radius a c, describe the 
arc b d through the center of the circle. The points of intersection 




at b and d are the points where the required tangents o b and a d 
will touch the circle. 

To draw a tangent to a given point in a given circle. (See 
Fig. 60.) 

Given circle and the point h, xy is required. 

Solution: 

The radius is drawn to the point h and a line constructed 
perpendicular to it at the point h. This perpendicular, touching 
the circle at h, is called a tangent. 

To draw a circle of a certain size that will touch the periphery 
of two given circles. (See Fig. 51.) 
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Given the diameter of circles a, 6, and c. Locate the center 
for circle c, when centers for a and b are given. 

Solution: 

From center of a, describe an arc with a radius equal to the 
sum of radii of a and c. From b as center, describe another arc 
using a radius equal to the sum of the radii of b and c. The 
point of intersection of those two arcs is the center of the circle c. 

Note. —This construction is useful when locating the center 
for an intermediate gear. For instance, if a and b are the pitch 
circles of two gears, c would be the pitch circle located in correct 
position to connect a and b. 

To draw an ellipse, the longest and shortest diameter being 
▼iven. The diameters a b and c d are given. The required ellipse 
is constructed thus (see Fig. 52): 

c 


d 

Fig. 50 . Fig. 51 . Fig. 52 . 

From c as center with a radius a n, describe an arc The 
points where this arc intersect a b are foci. The distance f n 
is divided into any number of parts, as 1, 2, 3, 4, 6. With radius 
1 to by and the focus / as center, describe arcs 6 and 6^ with the 
same radius and with as center describe arcs 6^ and 6^. With 
radius 1 to a and as center, describe arcs intersecting at 6 and 
6^; with the same radius and with/as center, describe arcs inter¬ 
secting at 6^ and 6^. Continue this operation for points 2, 3, etc., 
and when all the points for the circumference are in this way 
marked out, draw the ellipse by using a scroll. It is a property 
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with ellipses that the sum of any two lines drawn from the foci 
to any point in the circumference is equal to the largest diameter. 
For instance: 

f^e+fe, =ab, or / 61 +/ 161 , = 06 . 

Cycloids.—Suppose that a round disc, c, rolls on a straight line, 
a, b, and that a lead pencil is fastened at the point r; it will then 
describe a curved line, a, I, r, n, b. This hne is called a cycloid. 
(See Fig. 63.) 


r 



Fia. 53. 


b 


Fig. 64. 



This supposed disc is usually called the generating circle. 
The line a Ms the base line of the cycloid and is equal in length 
to T times mr, or practically 3.1416 times the diameter of the 
generating circle. The length of the curved line a, I, r, n, b is four 
times r m (four tiroes as long as the diameter of the generating,' 
circle). 




A circle rolling on a straight line generates a cycloid. (See 
Figs. 63 and 64.) 

A circle rolling upon another circle is generating an epicycloid. 
(See Fig. 66.) 

A circle rolling within another circle generates a hypocycloid. 
(See Fig. 66.) 
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To draw a cycloid, the generating circle being given. 

SoLtrnoN: 

Divide the diameter of the rolling circle in 7 equal parts. 
Set off 11 of these parts on each side of a on the line d e. This 
will give a base line practically equal to the circumference. Divide 
the base line from the point a into any number of equal parts; 
erect the perpendiculars; with center-line as centers and a radius 
equal to the radius of the generating circle describe the arcs. 
On the first arc from d or 6 set off one part of the base line. On 
the second arc set off two parts of the base line; on the third arc, 
three parts, etc. This will give the points through which to 
draw the cycloid. 

To draw an epicycloid (see Fig. 55), the generating circle a 
and the fundamental circle B being given. 

Solution: 

Concentric with the circle B, describe an arc through the center 
of the generating circle. Divide the circumference of the generat¬ 
ing circle into any number of equal parts and set this off on the 
circumference of the circle B. Through those points draw radial 
lines extending until they intersect the arc passing through the 
center of the generating circle. These points of intersection give 
the centers for the different positions of the generating circle, and 
for the rest, the construction is essentially the same as the cycloids. 
In Fig. 55 the generating circle is shown in seven different posi¬ 
tions, and the point n, in the circumference of the generating circle, 
may be followed from the position at the extreme left for one full 
rotation to the position where it again touches the circle B. 

To draw a hypocycloid. (See Fig. 56.) 

The hypocycloid is the line generated by a point in a circle 
rolling within another larger circle, and is constructed thus (see 
Fig. 66): 

Divide the circumference of the generating circle into any 
number of equal parts. Set off these on the circumference of the 



GEOMETRY 


137 


fundamental circle. From each point of division draw radial 
lines, 1,2,3,4, 5,6. From n as center describe an arc through the 
center of the generating circle, as the arc c d. The point, of inter¬ 
section between this arc and the radial lines are centers for the 
different positions of the generating circle. The distance from 
1 to a on the fundamental circle is set off from 1 on the generating 
circle in its first new position; the distance 2 to a on the funda¬ 
mental circle is set off from 2 on the generating circle in its second 
position, etc. For the rest, the construction is substantially the 
same as Figs. 54 and 55. 

Note. —If the diameter of the generating circle is equal to the 
radius of the fundamental circle, the hypocycloid will he a straight 
line, which is the diameter of the fundamental circle. 

Involute.—^An involute is a curved line which may be assumed 
to be generated in the following manner: Suppose a string be placed 




around a cylinder from a to 6, in the direction of the arrow (see 
Fig. 57), and having a pencil attached at b; keep the string tight 
and move the pencil toward c, and the involute, b c, is generated. 

To draw an involute. 

Solution: 

From the point b (see Fig. 57) set off any number of radial 
lines at equal distances, as 1, 2, 3, 4, 5. From points of intersec¬ 
tion draw the tangents (perpendicular to the radial lines). Set 
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off on the first tangent the length of the arc 1 to 6; on the second 
tangent the arc 2 to b, etc. This will give the points through which 
to draw the involute. 

To draw a spiral from a given point, c. 

Solution: 

Draw the line a b through the point c. Set off the centers r 
and S, one-fourth as far from c as the distance is to be between 
two lines in the spiral. Using r as center, describe the arc from 
c to 1; and using S as center, describe the arc from 1 to 2; using 
r as center, describe the arc from 2 to 3, etc. 



V 


TRIGONOMETRY 

Trigonometry is that branch of geometry which deals with 
angles and with the solution of triangles by means of trigonometric 
functions. 

Angles.—The opening between tw’o straight intersecting lines 
is an angle. An angle may be designated in any one of several 
ways. Thus, in Fig. 1 we may speak of the angle B, the angle 
ABCj or the angle a, and refer in each instance to the same angle. 

Angles are measured in degrees. One 
degree is sijp of a whole angle, or angle 
describing a full circle. Then a 90-degree 
angle is one-quarter of a whole angle. It 
is called a right angle and the legs are per¬ 
pendicular to each other. An angle of ISO 
degrees is equal to the sum of two right 
angles and is therefore a straight line. It is sometimes called a 
straight angle. 

Trigonometric Functions.—If we have a right triangle whose 
acute angles are each 45 degrees and whose 
legs are each 1 unit long we know from 
geometry that the length of the hypotenuse 
^ is equal to the square root of the sum of 
the squares of the two sides. Then, in this 
case, the hypotenuse is equal to \/2 units. 
Then, if we have any equilateral right tri¬ 
angle, the ratio of the length of legs to the 
length of the hypotenuse is 1 : \/2- This 
ratio may then be used to find the hypotenuse if the leg is given, 
and vice versa. Thus, if the hypotenuse of a 45-degree-angled 

!39 
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right triangle is 9 inches, the leg is 9 X or 6.4 inches. Simi- 

V2 

iarly, if the leg is given as 8 inches, the hypotenuse is 8 X -y- 
or 11.3 inches. 

For a 45-degree-angled right triangle, the ratio of a side to the 

hypotenuse is always = 0.707, and the ratio of the 

V2 1.414 

\/2 1.414 

hypotenuse to a side is always -j- = —-— = 1.414. 



Fig. 3. 


Let us now consider a right triangle 
whose angles are 30, 60, and 90 degrees. 
If the short side is 1 unit long, the hypo¬ 
tenuse is 2 units and the long leg \/3 
or 1.732 units long. Then, if we are given 
any 30-60-90 degree triangle and the length 
of one side, we can readily solve for the 
other sides. For example, if the hypot¬ 


enuse is 12 inches, the short side is 12 X J or 6 inches, and the 


1.732 

long leg is 12 X ^ - == 10.4 inches. 
2 


We have shown how the ratios of one side of a right triangle 
to another may be used in solving triangles. These ratios are 
called trigonometric functions. Not only are there definite ratios 
between the sides of right triangles with angles of 30 degrees, 
45 degrees, and 60 degrees, as we have shown, but definite ratios 
exist for right triangles of any angle. 

There are six fundamental trigometric functions known as 
(with abbreviations) sine (sin), cosine (cos), tangent (tan), cotangent 
(cot), secant (sec), and cosecant (esc). 

The sine of an acute angle of a right triangle is the opposite 
side divided by the hypotenuse, or, in fractional form, opposite 
side over hypotenuse. 

The cosine is the adjacent side over the hypotenuse. 

The tangent is the opposite side over the adjacent side. 
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The cotangent is the adjacent side over the opposite side, or 


one over the tangent. 

The secant is the hypotenuse over the 
adjacent side, or one over the cosine. 

The cosecant is the hypotenuse over the 
opposite side, or one over the sine. 

In Fig. 4 let a, 6, and c represent the 
lengths of the sides of any right triangle, 
ABC. Then, 



Fig. 4. 



cos A = 


h 

c 


sec A 


c 

b 


tan A = 7 CSC A = - 

0 a 

Relations of Functions.—We notice that the cotangent, secant, 
and cosecant are reciprocals respectively of the tangent, cosine, 
and sine. Other relations between functions of one angle or of 
several angles, such as the functions of the sum of two angles, 
half an angle, twice an angle, etc., are very important and we give 
a few of them here: 

Functions of one angle (A) 

sin^ A + cos^ A = 1 
sec^ A — tan^ A = 1 
csc^ A ~ cot^ A = 1 


Functions of the sum of two angles (A + B) 

sin (A + R) = sin A cos R + cos A sin B 
cos (A + R) = cos A cos R — sin A sin R 


tan (A + R) 


tan A + tan R 
1 — tan A tan R 


cot (A + R) = 


cot A cot R — 1 
cot R + cot A 
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Functions of the difference of two angles (A — B) 

sin (A — 5) = sin A cos 5 — cos A sin B 
cos (A — jB) = cos A cos B + sin A sin B 
tan A — tan B 


tan {A ^ B) = 
cot (A — B) = 


1 + tan A tan B 
cot A cot B + 1 


cot B — cot A 
Functions of one-half an angle (JA) 

sin \A = 


sin A 




cos A 


cos \A = 
tan jA = 


2 cos f A 
sin A _ h 
2 sin |A ^ ^ 

1 — cos 


+ cos A 


sin A 




cos A 


+ cos A 


cot \A 




cos A 


cos A 


Functions of twice an angle (2A) 

. «. « . 4 4 2 tan A 

sin 2A = 2 sm A cos A = 


1 + tan^ A 
cos 2A = cos^ A — sin^ A = 1 — 2 sin^ A 

= 2 cos^ A 


tan2A = 
cot 2A = 


2 tan A 
1 — tan^ A 
cot^A — 1 
2 cot A 


sin 3A — sin A 
cos 3A + cos A 


1 — tan^ A 
1 + tan^ A 


Functions of three times an angle (3A) 

sin 3A = 3 sin A — 4 sin^ A 
cos 3A = 4 cos® A — 3 cos A 
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tan 3 A 


3 tan A — tan^ A 
1 — 3 tan^ A 


cot 3A = 


cot^ — 3 cot A 
3 ^t^ — 1 • 


Tables of Natural and Logarithmic Trigonometric Functions.— 

Tables for practical use need consist only of the values for 
sines, cosines, and tangents since the other functions can readily 
be obtained from these. 

The natural functions are the actual values of the trigonometric 
functions themselves. The logarithms of tliese values are called 
the logarithmetic functions. 



Table 2 contains the natural sines, tangents, cotangents and 
cosines. The functions from 0 degrees to 45 degrees are read 
dmjon the page and the functions from 45 degrees to 90 degrees are 
read up the page. 

The solution of problems with trigonometric functions often 
involves logarithmetic computations. A table giving directly the 
logarithms of the sines, cosines and tangents is a great convenience 
in such cases; these logarithmic functions are given in Table 3. The 
use of these tables will be illustrated later in the solution of triangles. 

If a circle be imagined as divided into four Quadrants and 
these numbered I, II, III, and IV as shown in Fig. 5, then an 
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angle, such as a, which is less than 90 degrees is said to lie in the 
first quadrant. An angle between 90 degrees and 180 degrees, 
such as /3, is said to lie in the second quadrantj; an angle between 
180 degrees and 270 degrees, in the thkd quadrant; and an angle 
between 270 degrees and 360 degrees in the fourth quadrant. 
The function of any angle may be reduced to the function of an 
angle not greater than 90 degrees by the use of Table 1 paying 
careful attention to signs. 

TABLE 1 



1st Quadrant 


sin a = cos (90®-a) 
cos a = sin (90°-a) 
tan a = cot (90®-a) 
cot <x = tan (90®-a) 


3rd Quadrant 


sin ^ — sin ( d -180®) 

sin 0 = — cos (270®- 6 ) 
cos d = — cos ( 0 -180®) 
cos ^ — sin (270®- 0 ) 

tan 0 = tan ( $ -180°) 
tan 0 « cot (270®- 0 ) 
cot 0 - cot i 0 -180®) 
cot 0 = tan (270®- 0 ) 


2nd Quadrant 


sin p = sin (180®- p ) 
sin p ^ COB { p -90®) 
cos — cos (180°- p ) 
cos /S = — sin ( p -90°) 
tan /S « — tan (180®- p ) 
tan /3 = — cot ( P -90°) 
cot ^ — cot (180°- p ) 

cot — tan ( p -90°) 


4th Quadrant 


sin <^ = — sin (360®- <f> ) 
sin <^ = — cos ( 0 -270°) 
cos <l> = cos (360®- 4> ) 
cos 0 = sin ( «^ -270°) 
tan — tan (360®- ^ ) 
tan <^ == — cot ( 4> -270°) 
cot 0 = - cot (360®- 4> ) 
cot ii> tan ( 4> -270°) 















TABLE 2 

Tabus of Naturaii Trigonometbig Functions 


2 ^Natural Sines, Tangents, Cotangents. Cosines. 
(Versed sine ■■l*~cosine; coversed sine«« 1—sine.> 





l.OOOOOO 

1.000000 

.9999998 

.9999996 


.9999985 
.9999979 
.9999973 
.9999966 
.9999958 
.9999949 
.9999939 
.9999928 
.9999917 
.9999905 
.9999892 
.9999878 
.9999863 

0055261180.93221.9999847 
.9999831 
.9999813 
.9999795 
.9999776 
.9999756 
.9999736 
.9999714 
.9999692 
.9999668 
.9999644 
.9999619 
.9999593 
.9999567 
.9999539 
.9999511 
.9999482 
.9999452 
.9999421 
.9999389 
.9999357 
.9999323 
.9999289 
.9999254 
.9999218 
.9999181 
.9999143 
.9999105 
.9999065 
.9999025 
.9998984 
.9998942 
.9998900 
.9998856 
.9998812 
.9998766 
.9998720 
.9998673 
.9998625 
.9998577 
.9998527 
.9998477 




O .0174524 

1 .0177432 

2 .0180341 

3 .0183249 

4 .01861S8 

5 .0189066 

6 .0191974 

7 .0194883 

8 .0197791 

9 .0200699 
10 .0203608 

.0206516 
.0209424 
.0212332 
.0215241 
.0218149 
.0221057 
.0223965 
.0226873 
.0229781 
.0232690 
.0235598 
.0238506 
.0241414 
.0244322 
.0247230 
.0250138 
.0253046 
.0255954 
.0258862 
.0261769 
.0264677 
.0267585 
*0270493 
.0273401 
.0276309 
.0279216 
.0282124 
.0285032 
.0287940 
.0290847 
.0293755 
.0296662 
.0299570 
.0302478 
.0305385 
.0308293 
.0311200 
.0314108 
.0317015 
.0319922 
.0322830 
.0325737 
.0328644 
.0331552 
.0334459 
.0337366 
.0340274 
.0343181 
.0346088 
.0348995 


.9998477 
.9998426 
.9998374 
.9998321 
.9998267 
.9998213 
.9998157 
.9998101 
50.548501.9998044 
.9997986 
49.103881.9997927 


48.41208 


47.73950 




Kote.-»6ecant l-i-oosine; cosecant — 1-HStne, 
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2.—Natural Sines* Tangents. Cotangents. Cosines. —(Continued). 
(Versed sine —1—cosine; covcrsed sine—1 —sine.) 


• i Sine. I Tanp. ICotang.l Cosine. | || * I Sine. | Tang. ICotang.l Cosine. | 


0 

.0348995 

.034920 

28.63625 

.9993908 

60 

0 

.0523360 

.052407 

19 08113 

.9986295 

60 

1 

.0351902 

.035212 

28.39939 

.9993806 

59 

1 

.0526264 

.052699 

18.97552 

.9986143 

69 

2 

.0354809 

.035503 

28.16642 

.9993704 

58 

2 

.0529169 

.052991 

18.87106 

.9985989 

68 

3 

.0357716 

.035794 

27.93723 

.9993600 

57 

3 

.0532074 

.053282 

18.76775 

.9985835 

57 

4 

.0360623 

.036085 

27.71174 

.9993495 

56 

4 

.0534979 

.053574 

18.66556 

.9985680 

56 

5 

.0363530 

.036377 

27.48985 

.9993390 

55 

5 

.0537883 

.053866 

18.56447 

.9985524 

55 

6 

.0366437 

.036668 

27.27148 

.9993284 

54 

6 

.0540788 

.054158 

18.46447 

.9985367 

54 

7 

.0369344 

.036959 

27.05655 

.9993177 

53 

7 

.0543693 

.054449 

18.36553 

.9985209 

53 

8 

.0372251 

.037250 

26.84498 

.9993069 

52 

8 

.0546597 

.054741 

18.26765 

.9985050 

52 

9 

.0375158 

.037542 

26.63669 

.9992960 

51 

9 

.0549502 

.055033 

18.17080 

.9984891 

51 

10 

.0378065 

.037833 

26.43160 

9992851 

50 

10 

.0552406 

.055325 

18.07497 

.9984731 

50 

11 

.0380971 

.038124 

26.22963 

.9992740 

49 

11 

0555311 

.055616 

17.98015 

.9984570 

49 

12 

.0383878 

.038416 

26.03073 

.9992629 

48 

12 

0558215 

.055908 

17.88631 

.9984408 

48 

13 

.0386785 

.038707 

25.83482 

.9992517 

47 

13 

.0561119 

.056200 

17.79344 

.9984245 

47 

14 

.0389692 

.038998 

25.64183 

.9992404 

46 

14 

.0564024 

.056492 

17.70152 

.9984081 

46 

15 

.0392598 

.039290 

25.45170 

.9992290 

45 

15 

.0566928 

.056784 

17.61055 

.9983917 

45 

16 

.0395505 

.039581 

25.26436 

.9992176 

44 

16 

.0569832 

.057075 

17.52051 

.9983751 

44 

17 

.0398411 

.039872 

25.07975 

9992060 

43 

17 

.0572736 

.057367 

17.43138 

.9983585 

43 

18 

.0401318 

.040164 

24.89782 

.9991944 

42 

18 

.0575640 

.057659 

17.34315 

.9983418 

42 

19 

.0404224 

.040455 

24.71851 

.9991827 

41 

19 

.0578544 

.057951 

17.25580 

.9983250 

41 

30 

.0407131 

.040746 

24.54175 

9991709 

40 

20 

.0581448 

.058243 

17.16933 

.9983082 

40 

21 

.0410037 

.041038 

24.36750 

.9991590 

39 

21 

.0584352 

.058535 

17.08372 

.9982912 

39 

•22 

.0412944 

.041329 

24 19571 

.9991470 

38 

22 

.0587256 

.058827 

16.99895 

.9982742 

38 

23 

.0415850 

.041621 

24.02632 

.9991350 

37 

23 

.0590160 

.059119 

16.91502 

.9982570 

37 

24 

.0418757 

-041912 

23.85927 

.9991228 

36 

24 

.0593064 

.059410 

16.83191 

.9982398 

36 

25 

.0421663 

.042203 

23.69453 

.9991106 

35 

25 

.0595967 

.059702 

16.74961 

.9982225 

35 

26 

.0424569 

.042495 

23.53205 

.9990983 

34 

26 

.0598871 

.059994 

16.66811 

.9982052 

34 

27 

.0427475 

.042786 

23.37177 

.9990859 

33 

27 

.0601775 

.060286 

16.58739 

.9981877 

33 

28 

.0430382 

.043078 

23.21366 

.9990734 

32 

28 

.0604678 

.060578 

16.50745 

.9981701 

32 

29 

.0433288 

.043369 

23.05767 

.9990609 

31 

29 

.0607582 

.060870 

16.42827 

.9981525 

31 

30 

.0436194 

.043660 

22.90376 

.9990482 

30 

30 

.0610485 

.061162 

16.34985 

.9981348 

30 

31 

.0439100 

.043952 

22.75189 

.9990355 

29 

31 

.0613389 

.061454 

16.27217 

.9981170 

29 

32 

.0442006 I 

.044243 

22.60201 

.9990227 

28 

32 

.0616292 

.061746 

16.19522 

.9980991 

28 

33 

.0444912 

.044535 

22.45409 

.9990098 

27 

33 

.0619196 , 

.062038 

16.11899 

.9980811 

27 

34 

.0447818 

.044826 

22.30809 

.9989968 

26 

34 ! 

.0622099 

.062330 

16.04348 

.9980631 

26 

35 

.0450724 

.045118 

22.16398 

.9989837 

25 

35 

.0625002 

.062622 

15.96866 

.9980450 

25 

36 

.0453630 

.045409 

22 02171 

.9989706 

24 

361 

.0627905 ; 

.062914 

15.89454 

9980267 

24 

37 

.0456536 

.045701 

21.88125 

.9989573 

23 

37 

.0630808 

.063206 

15.82110 

.9980084 

23 

38 

.0459442 

.045992 

21.74256 

.9989440 

22 

38 

.0633711 

.063498 

15.74833 

.9979900 

22 

39 

.0462347 

.046284 

21.60563 

.9989306 

21 

39 

.0636614 

.063790 

15.67623 

.9979716 

21 

40 

.0465253 

.046575 

21.47040 

.9989171 

20 

40 

.0639517 

.064082 

15.60478 

9979530 

20 

41 

.0468159 

.046867 

21.33685 

.9989035 

19 

41 

.0642420 

.064375 

15.53398 

.9979343 

19 

42 

.0471065 

.047158 

21.20494 

.9988899 

18 

42 

.0645323 

.064667 

15.46381 

.9979156 

18 

43 

,0473970 

.047450 

21.07466 

.9988761 

17 

43 

.0648226 

.064959 

15.39427 

.9978968 

17 

44 

.0476876 

.047741 

20.94596 

.9988623 

16 

44 

.0651129 

.065251 

15.32535 

.9978779 

16 

45 

.0479781 

.048033 

20.81882 

.9988484 

15 

45 

.0654031 

.065543 

15.25705 

.9978589 

15 

46 

.0482687 

.048325 

20.69322 

.9988344 

14 

46 

.0656934 

.065835 

15.18934 

.9978399 

14 

47 

.0485592 

.048616 

20.56911 

.9988203 

13 

47 

.0659836 

.066127 

15.12224 

.9978207 

13 

48 

.0488498 

.048908 

20.44648 

.9988061 

12 

48 

.0662739 

.066419 

15.05572 

.9978015 

12 

49 

.0491403 

.049199 

20.32530 

.9987919 

11 

49 

.0665641 

.066712 

14.98978 

.9977821 

11 

50 

.0494308 

.049491 

20.20555 

.9987775 

10 

50 

.0668544 

.067004 

14.92441 

.9977627 

10 

51 

.0497214 

.049782 

20.08719 

.9987631 

9 

51 

.0671446 

.067296 

14.85961 

.9977433 

9 

52 

.0500119 

.050074 

19.97021 

.9987486 

8 

52 

.0674349 

.067588 

14.79537 

.9977237 

8 

53 

.0503024 

.050366 

19.854591 

.9987340 

7 

53 

.0677251 

.067880 

14.73167 

.9977040 

7 

54 

.0505929 

.050657 

19 74029 

.9987194 

6 

54 

.0680153 

.068173 

14.66852 

.9976843 

6 

55 

.0508835 

.050949 

19.627291 

.9987046 

5 

55 

.0683055 

.068465 

14.60591 

.9976645 

5 

56 

.0511740 

.051241 

19.51558 

.9986898 

4 

56 

.0685957 

.068757 

14.54383 

.9976445 

4 

57 

.0514645 

.051532 

19.40513 

.9986748 

3 

57 

.0688859 

.069049 

14.48227 

.9976245 

3 

58 

.0517550 

.051824 

19.29592 

.9986598 

2 

58 

.0691761 

.069342 

14.42123 

.9976045 

2 

59 

.0520455 

.052116 

19.18793 

9986447 

1 

59 

0694663 

.069634 

14 36069 

.9975843 

1 

00 

.0523360 

.052407 

19 08113 

9986295 

0 

60 

.0697565 

069926 

14.30066 

> i 

.9975641 

0 

m,mm. 

Cosine. 

ICotang 

1 Tang. 

[ Sine. 1 ' II 

Cosine. 

Cotang 

1 Tang. 1 

Sine. 



87® 88® 


Cosecant — 1 -»'Sine. 


Note.—Secant — 1 cosine. 



TRIGONOMETRY 


2. —Natural Sines, Tangents, Cotangents. CosiNss.-^CContinued] • 

(Versed sine «=»1 —cosine; coversed sine1 — sine.) 

4 * 5 ® 



Sine. 

Tang. 

Cotang.i Cosine. | || ' 

Sine. 1 Tang. ICotang. 

Cosine. { 

0 

.0697565 

.069926 

14.30066 

.9975641 

60 

0 

.0871557 

1.087488 

11.43005 

.9961947 

60 

1 

.0700467 

.070219 

14.24113 

.9975437 

69 

1 

.0874455 

.087781 

11.39188 

.9961693 

59 

2 

.0703368 

.070511 

14.18209 

.9975233 

58 

2 

.0877353 

.088074 

11.35397 

.9961438 

58 

3 

.0706270 

.070803 

14.12353 

.9975028 

57 

3 

.0880251 

.088368 

11.31630 

.9961183 

67 

4 

.0709171 

.071096 

14.06545 

.9974822 

56 

4 

.0883148 

.088661 

11.27888 

.9960926 

56 

8 

.0712073 

.071388 

14.00785 

.9974615 

55 

5 

.0886046 

.088954 

11.24171 

.9960669 

55 

€ 

.0714974 

.071680 

13.95071 

.9974408 

54 

6 

.08ivJ9i3 

.089247 

11.20478 

.9960411 

54 

7 

.0717876 

.071973 

13.89404 

.9974199 

53 

7 

.0891840 

.089540 

11.16808 

.9960152 

53 

8 

.0720777 

.072265 

13.83782 

.9973990 

52 

8 

.0894738 

.089S34 

lt.l?163 

.9959892 

52 

9 

.0723678 

.072558 

13.78206 

.9973780 

51 

9 

.0897635 

.090127 

11.09541 

.9959631 

51 

10 

.0726580 

.072850 

13.72673 

.9973569 

50 

10 

.0900532 

.090420 

11.05943 

.9959370 

SO 

11 

.0729481 

.073143 

13.67185 

.9973357 

49 

11 

.0903429 

.090713 

11.02367 

.9959107 

49 

12 

.0732382 

.073435 

13.61740 

.9973145 

48 

12 

.0906326 

.091007 

10.98815 

.9958844 

48 

13 

.0735283 

.073727 

13.56339 

.9972931 

47 

13 

.0909223 

.091300 

10.95285 

.9958580 

47 

14 

.0738184 

.074020 

13.50979 

.9972717 

46 

14 

.0912119 

.091593 

10.91777 

.9958315 

46 

15 

.0741085 

.074312 

13.45662 

.9972502 

45 

15 

.0915016 

.091887 

10.88292 

.9958049 

45 

16 

.0743986 

.074605 

13.40386 

.9972286 

44 

16 

.0917913 

.092180 

10.84828 

.9957783 

44 

17 

.0746887 

.074897 

13.35151 

.9972069 

43 

17 

.0920809 

.092473 

10.813S7 

.9957515 

43 

18 

.0749787 

.075190 

13.29957 

.9971851 

44 

18 

.0923706 

.092767 

10.77967 

.9957247 

43 

19 

.0752688 

.075482 

13.24803 

.9971633 

41 

19 

.0926602 

.093060 

10.74568 

.9956978 

41 

20 

.0755589 

.075775 

13.19688 

.9971413 

40 

20 

.0929499 

.093354 

10.71191 

.9956708 

40 

21 

.0758489 

.076068 

13.14612 

.9971193 

39 

21 

.0932395 

.093647 

10.67834 

.9956437 

39 

22 

.0761390 

.076360 

13.09575 

.9970972 

38 

22 

.0935291 

.093940 

1G.64499 

.9956165 

38 

23 

.0764290 

.076653 

13.04576 

.9970750 

37 

23 

.0938187 

.094234 

10.61184 

.9955892 

37 

24 

.0767190 

.076945 

12.99616 

.9970528 

36 

24 

.0941083 

.094527 

10.57889 

.9955620 

36 

25 

0770091 

.077238 

12.94692 

.9970304 

35 

25 

.0943979 

.094821 

10.54615 

.9955345 

35 

26 

,.0772991 

.077531 

12.89805 

.9970080 

34 

26 

.0946875 

.095114 

10.51360 

.9955070 

34 

27 

.0775891 

.077823 

12.84955 

.9969854 

33 

27 

.0949771 

.095408 

10.48126 

.9954794 

33 

28 

.0778791 

.078116 

12.80141 

.9969628 

32 

28 

.0952666 

.095701 

10.44911 

.9954517 

33 

29 

.0781691 

.078409 

12.75363 

.9969401 

31 

29 

.0955562 

.095995 

10.41715 

.9954240 

31 

30 

.0784591 

.078701 

12.70620 

.9969173 

30 

30 

.0958458 

.096289 

10.38539 

.9953962 

30 

31 

.0787491 

.078994 

12.65912 

.9968945 

29 

31 

.0961353 

.096582 

10.35382 

.9953683 

29 

32 

.0790391 

.079287 

12.61239 

.9968715 

28 

32 

.0964248 

.096876 

10.32244 

.9953403 

28 

33 

.0793290 

.079579 

12.56599 

.9968485 

27 

33 

.0967144 

.097169 

10.29125 

.9953122 

27 

34 

.0796190 

.079872 

12.51994 

.9968254 

26 

34 

.0970039 

.097463 

10.26024 

.9952840 

26 

35 

.0799090 

.080165 

12.47422 

.9968022 

25 

35 

.0972934 

.097757 

10.22942 

.9952557 

25 

36 

.0801989 

.080458 

12.42883 

.9967789 

24 

36 

.0975829 

.098050 

10.19878 

.9952274 

24 

37 

.0804889 

.080750 

12.38376 

.9967555 

23 

37 

.0978724 

.098344 

10.16833 

.9951990 

23 

38 

.0807788 

.081043 

12.33902 

.9967321 

22 

38 

.0981619 

.098638 

10.13805 

.9951705 

22 

39 

.0810687 

.081336 

12.29460 

.9967085 

21 

39 

.0984514 

.098932 

10.10795 

.9951419 

21 

40 

.0813587 

.081629 

12.25050 

.9966849 

20 

40 

.0987408 

.099225 

10.07803 

.9951132 

20 

41 

.0816486 

.081922 

12.20671 

.9966612 

19 

41 

.0990303 

.099519 

10.04828 

.9950844 

19 

42 

.0819385 

.082215 

12.16323 

.9966374 

18 

42 

.0993197 

.099813 

10.01871 

.9950556 

18 

43 

.0822284 

.082507 

12.12006 

.9966135 

17 

43 

.0996092 

.100107 

9.989305 

.9950266 

17 

44 

.0825183 

.082800 

12.07719 

.9965895 

16 

44 

.0998986 

.100400 

9.960072 

.9949976 

16 

45 

.0828082 

.083093 

12.03462 

.9965655 

IS 

45 

.1001881 

.100694 

9.931008 

.9949685 

15 

46 

.0830981 

.083386 

11.99234 

.9965414 

1 H 

46 

.1004775 

.100988 

9.902112 

.9949393 

14 

471 

.0833880 

.083679 

11.95037 

.9965172 

13 

47 

.1007669 

.101282 

9.873382 

.9949101 

13 

48< 

.0836778 

.083972 

11.90868 

.9964929 

12 

48 

,1010563 

.101576 

9.844816 

.9948807 

12 

49 

.0839677 

.084265 

11.86728 

.9964685 

11 

49 

.1013457 

.101870 

9.816414 

.9948513 

It 

50 

.0842576 

.084558 

11.82616 

.9964440 

10 

50 

.1016351 

.102164 

9.788173 

.9948217 

10 

SI 

.0845474 

.084851 

11.78533 

.9964195 

9 

51 

.1019245 

.102458 

9.760092 

.9947921 

9 

62 

.0848373 

.085144 

11.74477 

.9963948 

’ 8 

52 

.1022138 

.102752 

9.732171 

.9947625 

8 

53 

.0851271 

.085437 

11.70450 

.9963701 

7 

53 

.1025032 

.103046 

9.704407 

.9947327 

7 

54 

.0854169 

.085730 

11.66449 

.9963453 

6 

54 

.1027925 

.103339 

9.676800 

.9947028 

6 

55 

.0857067 

.086023 

11.62476 

.9963204 

5 

55 

.1030819 

.103634 

9.649347 

.9946729 

5 

56 

.0859966 

.086316 

11.58529 

.9962954 

4 

56 

.1033712 

.103928 

9.622048 

.9946428 

4 

57 

.0862864 

.086609 

11.54609 

.9962704 

3 

67 

.1036605 

.104222 

9.594902 

.9946^27 

3 

68 

.0865762 

.686902 

11.50715! 

.9962452 

2 

58 

.1039499 

.104516 

9.567906 

.9945825 

2 

59; 

.0868660 

.087195 

11.46847: 

.9962200 

1 

59 

.1042392 

.104810 

9.541061 

.9945523 

1 


.0871557 

.087488 

11.43005 

.9961947 

0 

60 

.1045285 

.105104 

9.514364 

.9945219 

0 

D 

Cosine. ICotang 

Tang. 1 

Sine. 

' 1 


Cosine. 

Cotang 

Tang. 

Sine. 

\Z 


85® 


Note*—Secant — I+cosine. Cosecant«-1 -t-sine. 


84® 
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2. —Natural Sines, Tangents, Cotangents, Cosines. —(Continued). 


(Versed sine — I—cosine; coversed sine-* 1—sine.) 

6® 7® 


t 

sine. 

Tang. 1 Cotang. 1 Cosine. 

t 

1 ' 

Sine. 1 Tang. 

Cotang.t Cosine. 


0 

.1045285 

.105104 

9.514364 

.9945219 

60 

0 

.1218693 

.122784 

8.144346 

.9925462 

60 

1 

.1048178 

.105398 

9.487814 

.9944914 

59 

1 

.1221581 

.123079 

8.124807 

.9925107 

59 

2 

.1051070 

.105692 

9.461411 

.9944609 

58 

2 

.1224468 

.123375 

8.105359 

.9924751 

58 

3 

:1053963 

.105986 

9.435153 

.9944303 

57 

3 

.1227355 

.123670 

8.086004 

.9924394 

57 

4 

.1056856 

.106280 

9.409038 

.9943996 

56 

4 

.1230241 

.123965 

8.066739 

.9924037 

56 

5 

.1059748 

.106575 

9.383066 

.9943688 

55 

5 

.1233128 

.124261 

8.047564 

.'9923679 

55 

6 

.1062641 

.106869 

9.357235 

.9943379 

54 

6 

.1236015 

.124556 

8.028479 

.9923319 

54 

7 

.1065533 

.107163 

9.331545 

.9943070 

53 

7 

.1238901 

.124852 

8.009483 

.9922959 

53 

8 

.1068426 

.107457 

9.305993 

.9942760 

52 

8 

.1241788 

.125147 

7.990575 

.9922599 

52 

9 

.1071318 

.107751 

9.280580 

.9942448 

51 

9 

.1244674 

.125442 

7.971755 

.9922237 

51 

10 

.1074210 

.108046 

9.255303 

.9942136 

50 

10 

.1247560 

.125738 

7.953022 

.9921874 

80 

11 

.1077102 

.108340 

9.230162 

.9941823 

49 

11 

.1250446 

.126033 

7.934375 

.9921511 

49 

12 

.1079994 

.108634 

9.205156 

.9941510 

48 

12 

.1253332 

.126329 

7.915815 

.9921147 

48 

13 

.1082885 

.108929 

9.180283 

.9941195 

47 

13 

.1256218 

.126624 

7.897339 

.9920782 

47 

14 

.1085777 

.109223 

9.155543 

.9940880 

46 

14 

.1259104 

.126920 

7.878948 

.9920416 

46 

15 

.1088669 

.•109517 

9.130934 

.9940563 

45 

15 

.1261990 

.127216 

7.860642 

.9920049 

45 

16 

.1091560 

.109812 

9.106456 

.9940246 

44 

16 

.1264875 

.127511 

7.842419 

.9919682 

44 

17 

.1094452 

.110106 

9.082107 

.9939928 

43 

17 

.1267761 

.127807 

7.824279 

.9919314 

43 

18 

.1097343 

.110401 

9.057886 

.9939610 

42 

18 

.1270646 

.128103 

7.806221 

.9918944 

42 

19 

.1100234 

.110695 

9.033793 

.9939290 

41 

19 

.1273531 

.128398 

7.788245 

.9918574 

41 

20 

.1103126 

.110989 

9.0Q9826 

.9938969 

40 

20 

.1276416 

.128694 

7.770350 

.9918204 

40 

21 

.1106017 

.111284 

8.985984 

.9938648 

39 

21 

.1279302 

.128990 

7.752536 

.9917832 

39 

22 

J108908 

.)11578 

8.962266 

.9938326 

38 

22 

.1282186 

.129285 

7.734802 

.9917459 

38 

23 

.1111799 

.111873 

8.938672 

.9938003 

37 

23 

.1285071 

.129581 

7^717148 

.9917086 

37 

24 

.1114689 

.112168 

8.915200 

.9937679 

36 

24 

.1287956 

.129877 

/.699573 

.9916712 

36 

25 

.1117680 

.112462 

8.891850 

.9937355 

35 

25 

.1290841 

.130173 

7.682076 

.9916337 

35 

26 

.1120471 

.112757 

8.868620 

.9937029 

34 

26 

.1293725 

.130469 

7.664658 

.9915961 

34 

27 

.1123361 

.113051 

8.845510 

.9936703 

33 

27 

.1296609 

.130764 

7.647317 

.9915584 

33 

28 

.1126252 

.113346 

8.822518 

.9936375 

32 

28 

.1299494 

.131060 

7.630053 

.9915206 

53 

29 

.1129142 

.113641 

8.799644 

.9986047 

31 

29 

.1302378 

.131356 

7.612865 

.9914828 

31 

30 

.1132032 

.113935 

8.776887 

.9935719 

30 

30 

.1305262 

.131652 

7.595754 

.9914449 

30 

81 

.1134922 

.114230 

8.754246 

.9935389 

29 

31 

.1308146 

.131948 

7.578717 

.9914069 

29 

32 

.1137812 

.114525 

8.731719 

.9935058 

28 

32 

.1311030 

.132244 

7.561756 

.9913688 

28 

33 

.1140702 

.114819 

8.709307 

.9934727 

27 

33 

.1313913 

.132540 

7.544869 

.9913306 

27 

34 

.1143592 

.115114 

8.687008 

.9934395 

26 

34 

.1316797 

.132836 

7.528057 

.9912923 

26 

35 

.1146482 

.115409 

8.664822 

.9934062 

25 

35 

.1319681 

.133132 

7.511317 

.9912540 

25 

86 

.1149372 

.115703 

8.642747 

.9933728 

24 

36 

.1322564 

.133428 

7.494651 

.9912155 

24 

87 

.1152261 

.115998 

8.620783 

.9933393 

23 

37 

.1325447 

.133724 

7.478057 

.9911770 

23 

88 

.1155151 

.116293 

8.598929 

.9933057 

22 

38 

.1328330. 

.134020 

7.461535 

.9911384 

23 

39 

.1158040 

.116588 

8.577183 

.9932721 

21 

39 

.1331213 

.134316 

7.445085 

.9910997 

21 

40 

.1160929 

.116883 

8.555546 

.9932384 

20 

40 

.1334096 

.134612 

7,428706 

.9910610 

20 

41 

.1163818 

.117178 

8.534017 

.9932045 

19 

41 

.1336979 

.134909 

7.412397 

.9910221 

19 

42 

.1166707 

.117473 

8.512594 

.9931706 

18 

42 

.1339862 

.135205 

7.396159 

.9909832 

18 

43 

.1169596 

.117767 

8.491277 

.9931367 

17 

43 

,1342744 

.135501 

7.379990 

.9909442 

17 

44 

.1172485 

.118062 

8.470065 

.9931026 

16 

44 

.1345627 

.135797 

7.363891 

.9909051 

16 

45 

.1175374 

.118357 

8.448957 

.9930685 

15 

45 

.1348509 

.136094 

7.347861 

.9908659 

15 

46 

.1178263 

.118652 

8.427953 

.9930342 

14 

46 

.1351392 

.136390 

7.331898 

.9908266 

14 

47 

.1181151 

.118947 

8.407051 

.9929999 

13 

47 

.1354274 

.136686 

7.316004 

.9907873 

13 

48 

.1184040 

.119242 

8.386251 

.9929655 

12 

48 

.1357156 

.136983 

7.300178 

.9907478 

12 

49 

.1186928 

.119537 

8.365553 

.9929310 

11 

49 

.1360038 

.137279 

7.284418 

.9907083 

11 

50 

.1189816 

.119832 

8.344955 

.9928965 

10 

50 

.1362919 

.137575 

7.268725 

.9906687 

10 

51 

.1192704 

.120127 

8.324457 

.9928618 

9 

51 

.1365801 

.137872 

7.253098 

.9906290 

9 

52 

.1195593 

.120423 

8.304058 

.9928271 

8 

52 

.1368683 

.138168 

7.237537 

.9906893 

8 

53 

.1198481 

.120718 

8.283757 

.9927923 

7 

63 

.1371564 

.138465 

7.222042 

.9905494 

7 

54 

.1201368 

.121013 

8.263554 

.9927573 

6 

54 

.1374445 

.138761 

7.206611 

.9905095 

6 

55 

.1204256 

.121308 

8.243448 

.9927224 

5 

55 

.1377327 

.139058 

7.191245 

.9904694 

5 

56 

.1207144 

.121603 

8.223438 

.9926873 

4 

56 

.1380208 

.139354 

7.175943 

.9904293 

4 

57 

.1210031 

.121898 

8:203523 

.9926521 

3 

57 

.1383089 

.139651 

7.160705 

^9903891 

8 

58 

.1212919 

.122194 

8.183704 

.9926169 

2 

58 

.1385970. 

.139947 

7.145530 

.9903489 

Z 

59 

.1215806 

.122489 

8.163978 

.9925816 

1 

59 

.1388850 

.140244 

7.130419 

.9903085 

1 

eo 

.1318693 

.122784 

8.144346 

.9925462 

0 

60 

.1391731 

.140540 

7.115369 

.9902681 

0 


Cosine. 

1 Cotang 

Tang. 

Sine. 

t 


1 Cosine, 

ICotang 

1 

1 Sine. 



83 ® 


Note.—Secant X-t-cosine; Cosecant««l-t-sinep 
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2. -^Natural Sine8» Tai^gbnts. Cotangbmts, Cosikbs.-—(C ontinue.) 


(Versed sine mI— cosine; coversed sinea*!—sine.) 

go 


ts=z 

# 

Sine. 

Tang. 

Cotang.l Cosine. 

1 II ' 

Sine. 1 Tang. 

Cotang.l Cosine. | 

0 

.1391731 

.140540 

7.115369 

.9902681 

60 

0 

.1564345 

.158384 

6.313751 

.9876883 

tfO 

1 

.1394612 

.140837 

7.100382 

.9902275 

59 

1 

.1567218 

.158682 

6.301886 

.9876428 

59 

2 

.1397492 

.141134 

7.085457 

.9901869 

58 

2 

.1570091 

.158980 

6.290065 

.9875972 

58 

3 

.1400372 

.141430 

7.070593 

.9901462 

57 

3 

.1572963 

.159279 

6.278286 

.9875514 

67 

4 

.1403252 

.141727 

7.055790 

.9901055 

56 

4 

.1575836 

.159577 

6.266551 

.9875057 

56 

5 

.1406132 

.142024 

7.041048 

.9900646 

55 

5 

.15'^9708 

.159875 

6.254858 

.9874598 

55 

6 

.1409012 

.142321 

7.026366 

.9900237 

54 

6 

.1581581 

.160174 

6.243208 

.9874138 

54 

7 

.1411892 

.142617 

7.011744 

.9899826 

63 

7 

.1584453 

.160472 

6.231600 

.9873678 

53 

8 

.1414772 

.142914 

6.997180 

.9899415 

52 

S 

.1587325 

.160770 

6.220034 

.9873216 

52 

9 

.1417651 

.143211 

6.982678 

.9899003 

51 

9 

.1590197 

.161069 

6.208510 

.9872754 

61 

10 

.1420531 

.143508 

6.968233 

.9898590 

50 

10 

.1593069 

.161367 

6.197027 

.9872291 

50 

11 

.1423410 

.143805 

6.953847 

.9898177 

49 

11 

.1595940 

.161666 

6.185586 

.9871827 

49 

12 

.1426289 

.144102 

6.939519 

.9897762 

48 

12 

.1598812 

.161964 

6.174186 

.9871363 

48 

13 

.1429168 

.144399 

6.925248 

.989734? 

47 

13 

.1601683 

.162263 

6.162827 

.9870897 

47 

14 

.1432047 

.144696 

6.911035 

.9896931 

46 

14 

.1604555 

.162561 

6.151508 

.9870431 

46 

15 

.1434926 

.144993 

6.896879 

.9896514 

45 

IS 

.1607426 

.162860 

6.140230 

.9869964 

45 

16 

.1437805 

.145290 

6.882780 

.9896096 

44 

16 

.1610297 

.163159 

6.128992 

.9869496 

44 

17 

.1440684 

.145587 

6.868737 

.9895677 

43 

17 

.1613167 

.163457 

6.117794 

.9869027 

43 

18 

.1443562 

.145884 

6.854750 

.9895258 

42 

18 

.1616038 

.163756 

6.106636 

.9863557 

42 

19 

.1446440 

.146181 

6.840819 

.9894838 

41 

19 

.1618909 

.164055 

6w4)95517 

.9868087 

41 

ao 

.1449319 

.146478 

6.826943 

.9894416 

40 

20 

.1621779 

.164353 

6.084438 

.9867615 

40 

21 

.1452197 

.146775 

6.813122 

.9893994 

39 

21 

.1624650 

.164652 

6,073397 

.9867143 

39 

22 

.1455075 

.147072 

6.799356 

.9893572 

38 

?2 

.1627520 

.164951 

6.062396 

.9866670 

38 

23 

.1457953 

.147369 

6.785644 

.9893148 

37 

2 ' 

.1630390 

.165250 

6.051434 

.9866196 

37 

24 

.1460830 

.147667 

6.771986 

.9892723 

36 

24 

.1633260 

.165548 

6.040510 

.9865722 

36 

25 

.1463708 

.147964 

6.758382 

.9892298 

35 

2 $ 

.1636129 

.165847 

6.029624 

.9865246 

35 

26 

.1466585 

.148261 

6.744831 

.9891872 

34 

26 

.1638999 

.166146 

6.018777 

.9864770 

34 

27 

.1469463 

.149559 

6.731334 

.9891445 

33 

27 

.1641868 

.166445 

6.007967 

.9864293 

33 

28 

.1472340 

.148856 

6.717889 

.9891017 

32 

28 

.1644738 

.166744 

5.997195 

.9863815 

32 

29 

.1475217 

.149153 

6.704496 

.9890588 

31 

29 

.1647607 

.167043 

5.986461 

.9863336 

31 

30 

.1478094 

.149451 

6.691156 

.9890159 

30 

30 

.1650476 

.167342 

5.975764 

.9862856 

30 

31 

.1480971 

.149748 

6.677867 

.9889728 

29 

31 

.1653345 

.167641 

5.965104 

.9862375 

29 

32 

.1483848 

.150045 

6.664630 

.9889297 

28 

32 

.1656214 

.167940 

5.954481 

.9861894 

28 

33 

.1486724 

.150343 

6.651444 

.9888865 

27 

33 

.1659082 

.168239 

5.943895 

.9861412 

27 

34 

.1489601 

.150640 

6.638310 

.9888432 

26 

34 

.1661951 

.168539 

5.933345 

.9860929 

26 

35 

.1492477 

.150938 

6.625225 

.9887998 

25 

35 

,.1664819 

.168838 

5.922832 

.9860445 

25 

36 

.1495353 

.151235 

6.612191 

.9887564 

24 

36 

.1667687 

.169137 

5.912355 

.9859960 

24 

37 

.1498230 

.151533 

6.599208 

.9887128 

23 

37; 

.1670556 

.169436 

5.901913 

.9859475 

23 

38 

.1501106 

.151830 

6.586273 

.9886692 

22 

38! 

.1673423 

.169735 

5.891508 

.9858988 

22 

39 

.1503981 

.152128 

6.573389 

.9886255 

21 

39| 

.1676291 

.170035 

5.881138 

.9858501 

21 

40 

.1506857 

.152426 

6.5605531 

.9885817 

20 

40 

.1679159 

.170334 

5.870804 

.9858013 

20 

41 

.1509733 

.152723 

6.547767! 

.9885378 

19 


.1682026 

.170633 

5.860505 

.9857524 

19 

42 

.1512608 

.153021 

6.535029 

.9884939 

18 

42| 

.1684894 

.170933 

5.850241 

.9857035 

18 

43 

.1515484 

.153319 

6.522339 

.9884498 

17 

43 

.1687761 

.171232 

5.840011 

.9856544 

17 

44 

.1518359 

.153617 

6.509698 

.9884057 

16 

44| 

.0690628 

.171532 

5.829817 

.9856053 

16 

45 

.1521234 

.153914 

6.497104 

.9883615 

J5 

45 

.1693495 

.171831 

5.819667 

.9855561 

15 

46 

.1524109 

.154212 

6.484558 

.9883172 

14 

46 

.1696362 

.172130 

5.809531 

.9855068 

14 

47 

.1526984 

.154510 

6.472059 

.9882728 

13 

47 

.1699228 

.172430 

5.799440 

.9854574 

13 

48 

.1529858 j 

.154808 

6.459607 

.9882284 

12 

48 

.1702095 

.172730 

5.789382 

.9854079 

12 

49 

.1532733 

.155106 

6.447201 

.9881838 

11 

49 

.1704961 

.173029 

5.779358 

.9853583 

11 

50, 

.1535607 

.155404 

6.434842 

.9881392 

10 

50 

.1707828 

.173329 

5.769368 

.9853087 

10 

61 

.1538482 1 

.155701 

6.422530 

.9880945 

9 

51 

.1710694 

.173628 

5.759412 

.9852590 

9 

621 

.1541356 

.155999 

6.410263 

.9880497 

8 

52 

.1713560 

.173928 

5.749488 

.9852092 

8 

63; 

.1544230 

.156297 

6.398042 

.9880048 

7 

53 

.1716425 

.174228 

5.739598 

.9851593 

7 

64 

71547104 

.156595 

6.385866 

.9879599 

6 

54 

.1719291 

.174527 

5.729741 

.9851093 

6 

55 

.1549978 

.156893 

6.373735 

.9879148 

5 

55 

.1722156 

.174827 

5.719917 

.9850593 

5 

66 

.1552851 

.157191 

6.361650 

.9878697 

4 

56 

.1725022 

.175127 

5.710125 

.9850091 

4 

67 

.1-555725 

.157490 

6.349609 

.9878245 

3 

57 

.1727887 

.175427 

5.700366 

.9849589 

3 

68 

.1558598 

.157788 

6.337612 

.9877792 

2 

58 

.1730752 

.175727 

5.690639 

.9849086 

2 

69 

.1561472 

.158086 

6.325660 

.9877338 

1 

59 

.1733617 

.176027 

5.680944 

.9848582 

1 

60 

.1564345 

.158384 

6.313751 

.9876883 

0 

60 

.1736482 

.176327 

5.671281 

.9848078 

0 


Cosine. 

Cotang 

Tang. 

Sine. \ ' 


Cosine. 

ICotangl Tang. 

1 Sine. 

■“T* 


81® 8(P 


Cosecant l-f-sinQ. 


Note.-~<Secant -• 1 -^cosine. 
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HANDBOOK OF APPLIED MATHEMATICS 


2.—Nctural Sinat, Tanobkts. Cotangbnts. Cosixvbb.-— (CoatinuedJ 

(Versed sme -"1—cosine; coversed sme»l—sine). 

10 * !!• 


0 

.1736482 

.176327 

5.671281 

.9848078 

50 

0 

.1908090 

.194380 

5.144554 

.9816272 

60 

1 

.1739346 

.176626 

5.661650 

.9847572 

59 

1 

.1910945 

.194682 

5.136576 

.9815716 

59 

2 

.1742211 

.176926 

5.652051 

.9847066 

58 

2 

.1913801 

.194984 

5.128622 

.9815160 

58 

3 

1745075 

.177226 

5.642483 

.9846558 

67 

3 

.1916656 

.195286 

5.120692 

.9814603 

57 

4 

.1747939 

.177527 

5.632947 

.9846050 

56 

4 

.1919510 

.195588 

5.112785 

.9814045 

56 

2 

.1750803 

.177827 

5.623442 

.9845542 

55 

5 

.1922365 

.195890 

5.104902 

,9813486 

55 

6 

.1753667 

.178127 

5.613968 

.9845032 

54 

6 

.1925220 

.196192 

5.097042 

.9813927 

54 

7 

.1756531 

.178427 

5.604524 

.9844521 

53 

7 


.196494 

5.089206 

.9812366 

53 

8 

.1759395 

.178727 

5.595112 

.9844010 

52 

8 

.1930928 

.196796 

5.081392 

.9811805 

« 

9 

.1762258 

.179027 

5.585730 

.9843498 

51 

9 

.1933733 

.197098 

5.073602 

.9811243 

51 

10 

.1765121 

.179327 

5.576378 

.9842985 

50 

10 

.1936636 

.197400 

5.065835 


50 

11 

.1767984 

.179628 

5.667057 

.9842471 

49 

11 

.1939490 

.197703 

5.058090 

.9810116 

49 

12 

.1770847 

.179928 

5.557766 

.9841956 

48 

.12 

.1942344 

,198005 

5.050369 

.9809552 

48 

13 

.1773710 

.180228 

5.548505 

.9841441 

47 

13 

.1945197 

.198307 

5.042670 


47 

14 

.1776573 

.180529 

5.539274 

.9840924 

46 

14 

pWj-I'K'l 

.198610 

5.034993 

.9808420 

46 

15 

.1779435 

.180829 

5.530072 

.9840407 

45 

15 


:i98912 

5.027339 

.9807853 

45 

16 

.1782298 

.181129 

5.520900 

.9839889 

44 

16 

.1953756 

.199214 

5:019707 

.9807285 

44 

17 

.1785160 

.181430 

5.511767 

.9839370 

43 

17 

.1956609 

.199517 

5.012098 


43 

18 

.1788022 

.181730 

5.602644 

.9838850 

42 

18 

.1959461 

.199819 

5.004511 

.9806147 

43 

19 

.1790884 

.182031 

5.493560 

.9838330 

41 

19 

.1962314 

.200122 

4.99.6945 

.9805576 

41 

90 

.1793746 

.182331 

5.484505 

.9837808 

40 

20 

.1965166 

.200424 

4.989402 

.9805005 

40 

21 

.1796607 

.182632 

5.475478 

.9837286 

39 

21 

.1968018 

.200727 

4.981881 

.9804433 

39 

22 

.1799469 

.182933 

5.466481 

.9836763 

38 

22 


.201030 

4.974381 

.9803860 

38 

23 

.1802330 

.183233 

5.457512 

.9836239 

37 

23 

.1973722 

.201332 

4.966903 

.9803286 

37 

24 

.1805191 

.183534 

5.448571 

.9835715 

36 

24 

.1976573 

.201635 

4.959447 

.9802712 

36 

95 

.1808052 

.183835 

5.439659 

.9835189 

35 

25 

.1979425 

.201938 

4.952012 

.9802136 

35 

26 

.1810913 

.184135 

5.430775 

.9834663 

34 

26 

.1982276 

.202240 

4.944699 

.9801560 

34 

27 

.1813774 

.184436 

5.421918 

.9834136 

33 

27 

.1985127 

.202543 

4.937206 

.9800983 

33 

28 

.1816635 

.184737 

5.413090 

.9833608 

32 

28 

.1987978 

.202846 

4.929835 

.9800405 

33 

29 

.1819496 

.185038 

6.404290 

.9833079 

31 

29 

.1990829 

.203149 

4.922485 

,9799827 

81 

30 

.1822356 

.185339 

6.395617 

.9832549 

30 

30 

.1993679 

.203452 

4.915157 

.9799247 

30 

31 

.1825215 

.185639 

5.386771 


29 

31 

.1996530 

.203755 

4.907849 

.9798667 

29 

32 

.1828076 

.185940 

5.378053 

.9831487 

28 

32 

.1999380 

.204058 

4.900562 

.9798086 

28 

33 

.1830935 

.186241 

5.369363 

.9830955 

27 

33 


.204361 

4.893295 

.9797504 

27 

34 

.1833795 

.186542 

5.360699 

.9830423 

26 

34 

.2005080 . 

1.204664 

4.886049 

.9796921 

26 

35 

.1836654 

.186843 

6.352062 

.9829888 

25 

35 

.2007930 

.204967 

4,878824 

,9796337 

25 

36 

.1839514 

.187144 

5.343452 

.9829353 

24 

86 

.2010779 

.205270 

4.871620 

.9795752 

24 

37 


.187446 

6.334869 

.9828818 

23 

37 


.205573 

4.864435 

.9795167 

23 

38 

.1845232 

.187747 

B.326313 

.9828283 

22 

38 

.2016478 

«205876 

4.857271 

.9794581 

22 

39 

.1848091 

..188048 

5.317783 

.9827744 

21 

39 

wmmm 

.206180 

4.850138 

.9793994 

21 

40 

.1850949 

.188349 

6.309279 

.9827206 

20 

40 


.206483 

4.843004 


20 

41 

.1853808 

.188650 

5.300801 

.9826668 

19 

41 

.2035024 

.206786 

4.835901 


19 

42 

.1866666 

.188952 

5.292350 

.9826128 

18 

42 

.2027873 

.207090 

4.828817 

tllVd 

18 

43 

.1859524 

.189263 

5.283.925 

.9825587 

17 

43 

.2030721 

.207393 

4.821753 

3l]:’; 

17 

44 

.1862382 

.189554 

5.275625 

.9825046 

16 

44 

.2033569 

.207696 

4.814709 


16 

45 

.1865240 

.189855 

5.267151 

.9824504 

15 

45 

.2036418 

.208000 

4.807685 


15 

46 

.1868098 

.190157 

5.258803 

.9823961 

14 

46 

.2039265 

.208303 

4.800680 

.9789862 

14 

47 

.1870956 

.190458 

6.250480 

.9823417 

13 

47 

.2042113 

.208607 

4.793695 

.9789268 

13 

48 

.1873813 

.190760 

5.242183 

.9822873 

12 

48 

.2044961 

.208910 

4.786730 

.9788674 

13 

49 

.1876670 

.191061 

5.283911 

.9822327 

11 

49 

.2047808 

.209214 

4.779783 

.9788079 

11 

30 

.1879528 

.191363 

6.226664 

.9821781 

10 

50 

.2050655 

.209518 

4.772856 

.9787483 

10 

61 

.1882385 

.191664 

6.217442 

.9821284 

9 

51 

.2053502 

.209821 

4.765949 

.9786886 

9 

62 


.191966 

5.209245 

.9820686 

8 

52 

.2056349 

.210125 

4.759060 

.9786288 

8 

63 

.1880898 

NS 

I 

CO 

5.201073 

.9820137 

7 

53 

.2059195 

.210429 

4.752190 

.9785689 

7 

64 

.1890954 

.192569 

6.192926 

.9819587 

6 

54 

.2062042 

.210733 

4.745340 

.9785090 

6 

35 

.1893811 

.192871 

5.184803 

mmmm 

5 

55 

.2064888 

.211036 

4.738508 

.9784490 

5 

66 

.1896667 

.193173 

5.176705 

.9818485 

4 

56 

.2067734 

.211340 

4.731695 

.9783889 

4 

57 

.1899523 

.193474 

5.168631 

.9817933 

8 

57 


.211644 

4.724901 

.9783287 

3 

68 

.1902379 

.193776 

5.160581 

.9817380 

2 

58 

.2073426 

.211948 

4.718125 

.9782684 

3 

69 

.1905234 

.194078 

6.152555 

.9816826 

1 

59 

.2076272 

.312252 

4.711368 


1 

•0 

.1908090 

.194380 

5.144564 

.9816272 

0 

00 

.2079117 

.213556 

4.704630 

iimyi 

0 


Cosine. 

dozens 

Tans. 1 

Sine. 

Lll 

_J 

Cosine. ICotang 

tamr. 1 

sine. 

— 




Cosecant*- l-f'Sme. 


Kate.—Secant — l-f-cosine. 
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^ 2.—NAtural Sines, Takobitm, CoTANomm, Cosxnbs.—(C ontiniied.) 

(Versed sine "-l—obsine; ooversed sine—1—sine.) 

ISP 18* 


Bine, i Tang, t Ootang.l Cosine. 


Teng. I Ootang.i 


I 


I 

t 

4 

5 

6 

I 

10 

II 
12 
18 
14 
18 
16 

17 

18 

n 

81 

88 

88 

84 

as 

8 

88 

88 

30 


88 

84 

35 

86 

87 

88 

89 

40 

41 
43 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 
•56 

57 

58 

59 
50 


.8679117 

.2081962 

.2084807 

.2087682 

.8090497 

2093341 

.2096186 

2099030 

2101874 

.2104718 

,2107561 

,2110405 

.8118248 

.2116091 

.2118934 

.2121777 

,8184619 

.8127468 

.8180304 

.8183146 

,8185088 

.2188889 

.8141671 

,8144518 

.8147858 

.8150194 

.8158035 

.8155876 

8158716 

.8161556 

.2164396 

.2167236 

.2170076 

.2172916 

.2175764 

.2178593 

.2181432 

.2184271 

.2187110 

.2189948 

.2192780 

.2195624 

.2198462 

.2201300 

.2204137 

.2206974 

2209811 

.2212648 

.2216485 

.2218321 

.2221158 

.2223994 

.2226830 

.2229666 

.2232501 

.2235337 

.2238178 

.2241007 

.2243842 

.2246676 

.2849511 


218566 

212860 

213164 

213468 

213773 

,214077 

,814381 

,214685 

,214990 

,215294 

,216598 

,216903 

.216207 

,216512 

.216816 

.217121 

.217425 

.217730 

.218035 

.818340 

.218644 

.818949 

.819254 

.219569 

219864 

220169 

.820474 

280779 

22 IOe« 

.821389 

.881694 

.281999 

.222305 

.222610 

.222915 

223221 

.223526] 

.223831 

.224137 

224442 

.224748 

.225054 

.2254d9 

.225665 

.225971 

.226276 

.226583 


.227194 

.227500 

.227806 

.228112 

.228418 

.228724 

.229030 

.229336 

.229642 

.229949 

.230265 

.230561 

.230868 


4.704630 

4.697910 

4.691208 

4.684524 

4.677859 

4.671212 

4.664583 

4.657972 

4.651378 

4.644803 

4.638245 

4.631705 

4.625183 

4.618678 

4.612190 

4.605720 

l4.;- 

4.692832 
4.686414 
4.580012 
4.573628 
4.567261 
4.660911 
4.554577 
4.548260 
4.641960 
4.535677 
4.529410 
4.523160 
4.516926 
4.510708 
14.604607 
4.498822 
4.492163 
4.486000 
4.479863 
4.473742 
4.467637 
4.461548 
4.455475 
4.449418 
4.443376 
4.437350 
4.431339 
4.425343 
4.419364 
4.413399 
4.407450 
4.401516 
4.395597 
4.389694 
4, 

4.377931 

4.872073 

4.866229 

4.860400 

4.354586 

4.348786 

4.343001 

4.337231 

4.331476 


9781476 

9780871 

,9780265 

,9779658 

,9779050 

.9778441 

,9777832 

.9777882 

.9776611 

.9776999 

.9775386 

.9n4773 

.9774159 

.9778544 

.9772928 

9772311 

.9ni693 

.0771075 

9770456 

.9769836 

9769216 

.9768593 

.9767970 

9767347 

.9766723 

.9766098 

.9765478 

.9764846 

.9764817 

9763589 

9768900 

.9768330 

9761699 

.9761067 

9760435 

9759808 

9759168 

9768533 

.9757897 

9757260 

.9756623 

.9755985 

.9755346 

.9764706 

.9754065 

.9753423 

.9752781 

.9762138 

.9751494 

.9750849 

.9750203 

.9749556 

.9748909 

.9748261 

.9747612 

.9746962 

.9746311 

.9745660 

.9746008 

.0744355 

.9743701 


69 

68 

67 

66 

SS 

64 

63 

62 

61 

SO 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

89 

26 ! 

351 

24 

23 

22 

21 

301 

19 

18 

17 ' 

16 

15 

14 

13 

12 

11 

1 


.3349611 

.8362346 

.8856179 

.2268013 


J^6513 

2269346 

2272179 

2276012 

2277844 

2880677 

2283509 

2286341 

2289172 

2292004 

2294836 

2297666 

2300497 

2303328 

.2306159 


2311819 

,2314649 

8317479 

2320309 

2323138 

2325967 

.2328796 

.2331625 

2334454 

.2337288 

.2340110 

.2342938 

.2345766 

.2348594 

.3351421 

.2354248 

.2357075 

.2359902 

.2362729 

.2365555 

.2368381 

.2371207 

.2374033 

.2376859 

.2379684 

.2382510 


.8390984 

.2393808 

.2396633 

.2399457 

.2402280 

.2405104 

.2407927 

.2410751 

.2413574 

.2416396 

.2419819 


230868 

.231174 

.2S14811 

.8317871 

.838094 

.232400 

232707 

.233014 

.233320 

.233627 

.233934 

.234241 

.234547 

834864 

.835161 

235468 

.235775 

.236082 

.236390 

.236697 

.237004 

.237311 

237618 

.237926 

.238233 

238541, 

.238848 

.239156 

.239463' 

239771 

^240078 

.240386 

.240694 

.241001 

.241309 

.241617 

241925 

.242233 

.242541 

242849 

243157 

.243465 

.243773 

.244081 

.244390 

244698 

.245006 

.245315 

245623 

.245932 

.246240 

.246549 

.846857 

.847166 

.247475 

.247783 

.248092 

.248401 

.248710 

.7149019 

.249328 


4.331475 
4.825734 
4.320007 
4.314295 
4,308597 
4.302913 
4.297244 
4.291588 
4.285947^ 
4.280319 
4.274706 
4.269107 
4.263521 
4.257950 
4.252392 
4.246848 
4.241317 
4.235800 
4.230297 
4.224808] 
4.219331 
4.213869 
4.208419 
4.202983 
4.197560 
4.192151 
4.186754 
4.181371 
4.176001 
4.170644 
4.165299 
4.159968 
4.154650 
4.149344 
4.144051 
4.138771 
4.133504 
4.128249 
4.123007 
4.117778 
4.112561 
4.107356 
4.102164 
4.i 
4.091817 
4.086662 
4.081519 
4.076389 
4.071270 
4.066164 
4.061070 
4.055987 
4.050917 
4.045859 
4.040812 
4.035777 
4.030755 
4.025744 
4.020744 
4.015757 
4.010780 


9743701 

.9743046 

9743390 

.9741734 

.9741077 

.9740419 

9739760 

.9739100 

.9738439 

.9737778 

.9737116 

.9736458 

.9735789 

.9735124 

.9734458 

.9733792 

.9733125 

9732457 

.9731789 

.9731119 

.9730449 

.9729777 

.9729105 

.9728432 

.9727759 

.9727084 

.9726409 

9725733 

.9725056 

.9724378 

.9723699 

9723020 

.9722339 

9721658 

9720976 

9720294 

.9719610 

.9718926 

.9718240 

.9717554 

.9716867 

.9716180 

9715491 

.9714803 

9714112 

.9713421 

.9712729 

.9712036 

.9711343 

.9710649 

.9709953 

.9709258 

.9708561 

.9707863 

.9707165 

.9706466 

.9705766 

.9705065 

.9704363 

.9703660 

.9708957 


18 

18 

11 




Note.-*6eeeat —t-i-eorine. 


TT 

Oosecent—l-f-dne«. 
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HANDBOOK OF APPLIED MATHEMATICS 

S.—Natnral SIiim. Tanobhts, CoTAMOBim, Cosons.—(Continaed.) 


(Vefsed tine >•1—cosine; coversed tine—1—sine.) 
I4« 16* 


* 

Sine. 

Tansr. 

6 

I 

1 # 

Sine. 

1 Tanc 

ICotang.l Cosine. 

i 

0 

.2419219 

.249328 

4.010780 

.9702957 

60 

0 

.8588190 

.267949 

3.732050 

.9669258 

60 

1 

.2422041 

.249637 

4.005816 

.9702253 

59 

1 

.2591000 

.268261 

3.727713 

.9668606 

69 

2 

.2424863 

,249946 

4.000863 

.9701548 

58 

2 

.2593810 

.268572 

3.723384 

.9657751 

58 

3 

.2427685 

.250255 

3.995922 

IfmTl 

57 

3 

.2596619 

.268884 

3.719065 

.9656996 

57 

4 

.2430507 

.250564 

3.990992 


66 

4 

.2599428 

.269196 

3.714756 

.9656240 

56 

5 

.2433329 

.250873 

3.986073 

.9699428 

58 

5 

.2602237 

.269508 

3.710455 

.9655484 

55 

6 

.2436150 

.251182 

3.981166 

.9698720 

54 

6 

.2605045 

.269820 

3.706164 

.9654726 

54 

7 

.2438971 

.251491 

3.976271 

.9698011 

53 

7 

.2607853 

.270132 

3.701883 

.9663068 

53 

6 

.2441792 

.251801 

3.971386 

.9697301 

52 

8 

.2610662 

.270444 

3.697610 

.9653209 

53 

9 

.2444613 

.252110 

3.966513 

.9696591 

51 

9 

.2613469 

.270757“ 

3.693346 

.9652449 

61 

10 

.2447433 

.252420 

3.961651 

.9695879 

50 

10 

.2616277 

.271069 

3.689092 

.9651689 

50 

11 

.2450254 

.252729 

3.956801 

.9695167 

49 

11 

.2619085 

,271381 

3.684847 


49 

12 

.2453074 

.253038 

3.951961 

.9694453 

48 

12 

.2621892 

.271694 

3.680611 

.9650165 

48 

13 

.2455894 

.253348 

3.947133 

.9693740 

47 

13 

.2624699 

.272006 

3.676384 

.9649402 

47 

14 

.2458713 

.253658 

3.942315 


46 

14 

.2627506 

.272318 

3.672166 

Ilf Ml 

46 

15 

.2461533 

.253967 

3.937509 

.9692309 

45 

15 

.2630312 

.272631 

3.667957 


45 

16 

.2464352 

.254277 

3.932714 

.9691593 

44 

16 

.2633118 

.272943 

3.663757 

.9647108 

44 

17 

.2467171 

.254587 

3.927929 


43 

17 

.2635925 

.273256 

3.659566 

.9646341 

43 

18 

.2469990 

.254896 

3.923156 

.9690157 

42 

18 

.2638730 

.273569 

3.655384 

.9645574 

43 

19 

.2472809 

.255206 

3.918393 

.9689438 

41 

19 

.2641536 

.273881 

3.651211 

.9644806 

41 

70 

.2475627 

.255516 

3.913642 

.9688719 

40 

20 

.2644342 

.274194 

3.647046 

.9644037 

40 

21 

.2478445 

.255826 

3.908901 

.9687998 

39 

21 

.2647147 

.274507 

3.642891 

.9643268 

39 

22 

.2481263 

.256136 

3.904171 

.9687277 

38 

22 

.2649952 

.274820 

3.638744 

.9642497 

38 

23 

.2484081 

.256446 

3.899431 

.9686555 

37 

23 

.2652757 

.275133 

3.634606 

.9641726 

37 

24 

.2486899 

.256756 

3.894742 

.9685832 

36 

24 

.2655561 

.275445 

3.630477 

.9640954 

36 

35 

.2489716 

:257.066 

3.890044 

ffmml 

55 

25 

.2658366 

.275758 

3.626356 

.9640181 

35 

26 

.2492533 

.257376 

3.885357 


34 

26 

.2661170 

.276071 

3.622244 

.9639407 

34 

27 

.2495350 

.257686 

3.880680 

.9683658 

33 

27 

.2663973 

.376385 

3.618141 

.9638633 

33 

28 

.2498167 

.257997 

3.876014 

.9682931 

32 

28 

.2666777 

.276698 

3.614046 

.9637858 

82 

29 

.2500984 

.258307 

3.871358 

.9682204 

31 

29 

.2669581 

.277011 

3.609960 

.9637081 

3f 

30 

.2503800 

.258617 

3.866713 

.9681476 

30 

30 

.2672384 

.277324 

3.605883 

.9636305 

30 

31 

.2506616 

.258928 

3.862078 

.9680748 

29 

31 

.2677187 

.277637 

3.601814 

.9635527 

29 

32 

.2509432 

.259238 

3.857453 

.9680018 

28 

32 

.2677989 

.277951 

3.597754 

.9634748 

28 

33 

.2512248 

.259548 

3.852839 

.9679288 

27 

33 

.2680792 

.278264 

3.593702 

.9633969 

27 

34 

.2515063 

.259859 

3.848235 

.9678557 

26 

34 

.2683594 

.278578 

3.589659 

.9633189 

26 

35 

.2517879 

.260169 

3.843642 

.9677825 

25 

35 

.2686396 

.278891 

3.585624 

.9632408 

35 

36 

.2520694 

.260480 

3.839059 

.9677092 

24 

36 

.2689198 

.279205 

3.581597 

.9631626 

24 

37 

.2523508 

.260791 

3.834486 

.9676358 

23 

37 

.2692000 

.279518 

3.577679 

.9630843 

23 

38 

.2526323 

.261101 

3.829923 

.9675624 

22 

88 

.2694801 

.279832 

3.573569 

.9630060 

22 

39 

.2529137 

.261412 

3.825370 

.9674888 

21 

39 

.2697602 

.280145 

3.569568 

.9629275 

21 

40 

.2531952 

.261723 

3.820828 

.9674152 

20 

40 

.2700403 

.280459 

3.565574 

.9628490 

20 

41 

.2534766 

.262034 

3.816295 

.9673415 

19 

41 

.2703204 

.280773 

3.661590 

.9627704 

19 

42 

.2537579 

.262345 

3.811773 

.9672678 

18 

42 

.2706004 

.281087 

3.557613 

.9626917 

18 

43 

.2540393 

.262656 

3.807260 

.9671939 

17 

43 

.2708805 

1.281401 

3.553644 

.9626130 

17 

44 

.2543206 

.262967 

3.802758 

.9671200 

16 

44 

.2711605 

.281715 

3.649684 

.9625342 

16 

45 

.2546019 

.263278 

3.798266 

.9670459 

15 

45 

.2714404 

.282029 

3.645732 

.9624552 

15 

46 

.2548832 

.263589 

3.793783 

.9669718 

14 

46 

.2717204 

.282343 

3.541788 

.9623762 

14 

47 

.2551645 

.263900 

3.789310 

.9668977 

13 

47 

.2720003 

.282657 

3.537852 

.9622972 

13 

48 

.2554458 

.264211 

3.784848 

.9668234 

1 12 1 

48 

.2722802 

.282971 

3.533925 

.9622180 

13 

49 

.2557270 

.264522 

13.780395 

.9667490 

1 11 

49 

.2725601 

.283285 

3.530005 

.9621387 

11 

50 

.2560082 

.264833 

13.775951 

.9666746 

10 

50 

.2728400 

.283599 

3.526093 

.9620594 

10 

61 

.2562894 

.265145 

3.771518 

.9666001 

9 

51 

.2731198 

.283914 

3.522190 

.9619800 

9 

62 

.2566705 

.265456 

3.767094 

.9665255 

8 

62 

.2733997 

,284228 

3.518294 

.9619005 

8 

63 

.2568517 

.265768 

3.762680 


7 

63 

.2736794 

.284543 

3.614407 

.9618210 

7 

64 

.2571328 

.266079 

3.758276 

.9663761 

6 

54 

.2739593 

.284857 

3.510527 

.9617413 

6 

55 

.2574139 

.266390 

13.753881 

.9663012 

5 

55 

.2742390 

.285172 

3.506665 

.9616616 

5 

.66 

.2576950 

.266702 

3.749496 

.9662263 


56 

.2745187 

.285486 

3.502791 

.9615818 

4 

67 

.2579760 

.267014 

3.745120 


3 

67 

.2747984 

.285801 

3.498935 

.9615019 

3 

68 

.2582570 

.267325 

3.740754 

.9660762 

2 

58 

.2750781 

.286115 

3.495087 

.9614219 

2 

69 

.2585381 

,267637 

3.736398 

.9660011 

1 

69 

.2753577 

.286430 

3.491247 

.9613418 

5 

60 

.2588190 

.267949 

3.732050 

.9659258 

0 

60 

.2756374 

.286745 

3.487414 

.96X2617 

0 


Cosine. 

lOotangl Tang. 

1 Sine. 1 

) 1 Cosine. 

1 Cotang 1 Tang. 

1 Sine. 

lI 


76" 74" 


Cosecsint — 1-Mine. 


Mote . — Sec en t — 1 -ecosins. 
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2.-Natural Sines. gents. Cotangents. Cosines.— (Continued.) 


(Versed sine — 1— cosine; coversed sine-»l— sine.) 

le® ir 


1 Sine. 

1 Tang, i Cotang 

t Cosine, t 

i' 

Sine. 

Tang. i.Cotang.l Cosine. 

=3 

0 

.2756374 

.286745 

3.487414 

.9612617 

60 

0 

.2923717 

« 

.805730 

3.270852 

.9563048 

ao 

1 

.2759170 

.287060 

3.483589 

.9611815 

69 

1 

.2926499 

.806048 

3.267452 

.9562197 

59 

2 

.2761965 

.287376 

3.479772 

.9611012 

68 

2 

.2929280 

.806367 

3.264059 

.9561345 

68 

3 

.2764761 

.287690 

3.475963 

.9610208 

67 

3 

.2932061 

.806685 

3.260672 

.9560492 

67 

4 

.2767556 

.288005 

3.472161 

.9609403 

66 

4 

.2934842 

.307003 

3.257292 

.9559639 

56 

8 

.2770362 

.288320 

3.468367 

.9608598 

SS 

8 

.293'683 

.30732i 

3.253918 

.9558785 

SS 

6 

.2773147 

.288635 

3.464581 

.9607792 

64 

6 

.2940403 

.307640 

3.250550 

.9557980 

64 

7 

.2775941 

.288950 

3.460802 

.9606984 

63 

7 

.2943183 

.307968 

8.247189 

.9557074 

63 

8 

.2778736 

.289265 

3.457031 

Emmm 

62 

8 


.308277 

3.243834 

.9556218 

52 

9 

.2781530 

.289580 

3.453267 

.9605368 

61 

9 


.308596 

3.240486 

.9555361 

51 

10 

.2784324 

.289896 

3.449512 

.9604558 

80 

10 

ft tifi'n 

.308914 

3.237143 


SO 

11 

.2787118 

.290211 

3.445763 

.9603748 

49 

11 


.399283 

3.233807 

.9553643 

49 

12 

.2789911 

.290526 

3.442022 

.9602937 

4B 

12 

.2957081 

.309551 

3.230478 

.9552784 

48 

13 

.2792704 

.290842 

3.438289 

.9602125 

47 

13 

.2959859 

.309870 

3.227154 

.9551923 

47 

14 

.2795497 

.291157 

3.434563 

.9601312 

46 

14 

.2962638 

.310189 

3.223837 

.9551062 

46 

15 

.2798290 

.291473 

3.430844 

.9600499 

48 

18 

.2965416 

.310508 

3.220526 

.9550199 

4S 

16 

.2801083 

.291789 

3.427133 

.9599684 

44 

16 

.2968194 

.310827 

3.217221 

9549336 

44 

17 


.292104 

3.423429 

.9598869 

43 

17 

.2970971 

.311146 

3.21.3922 

.9548473 

43 

18 

.2806667 

.292420 

3.419733 

.9598053 

42 

18 

.2973749 

.311465 

3.2!0630 

.9547608 

43 

19 

.2809459 

.292736 

3.416044 

.0597236 

41 

19 

.2976526 

.311784 

3.207344 

.9546743 

41 

30 

.2812251 

.293052 

3.412362 

.9596418 

40 

30 

.2979303 

.312103 

3.204063 

.9545876 

40 

21 

.2816042 

.293368 

3.408688 

.9595600 

39 

21 

.2982079 

.312422 

3.200780 

.9545009 

39 

22 

.2817833 

.293683 

3.405021 

.9594781 

38 

22 

.2984856 

.312742 

3.197521 

.9544141 

38 

33 

.2820624 

.293999 

3.401361 

.9593961 

37 

23 

.2987632 

.313061 

3.194259 

.9543273 

37 

84 

.2823415 

.294316 

3.397708 

.9593140 

36 

24 

.2990408 

.313381 

3.191003 

.9542403 

36 

35 


.294632 

3.394063 

.9592318 

38 

28 

.2993184 

.313700 

3.187754 

.9541533 

SS 

26 

.2828995 

.294948 

3.390424 

.9591496 

34 

26 

.2995959 

.314020 

3vl845i0 

.9540662 

34 

27 

.2831785 

.295264 

3.386793 

.9590672 

33 

27 

.2998734 

.314339 

3.181272 

.9539790 

33 

28 

.2834575 

.295580 

3.383169 

.9589848 

32 

28 

.3001509 

.314659 

3.178040 

.9538917 

33 

89 

.2837364 

.295897 

3.379553 

.9589023 

31 

29 

.3004284 

.314979 

3.1748L4 

.9538044 

31 

30 

.2840168 

.296213 

mm 

.9588197 

30 

30 

.3007058 

.315298 

3.171594 

.9537170 

SO 

31 

.2842942 

.296529 


.9587371 

29 

31 

.3009832 

.315618 

3.168380 

.9536294 

29 

32 

.2845731 

.296846 


.9586543 

28 

32 

.3012606 

.315938 

3.165172 

.9535418 

28 

33 

.2848520 

.297163 


.9585715 

27 

33 

.3015380 

.316258 

3.161970 

.9534542 

27 

34 


.297479 

3.361575 

.9584886 

26 

34 

.3018153 

.316578 

3.158774 

.9533664 

26 

35 

.2854096 

.297796 

3.358000 

.9584056 

25 

38 

.3020926 

.316898 

3.155584 

.95.32786 

3S 

86 

.2856884 

^298112 

mm 

.9583226 

24 

36 

.3023699 

.317218 

3.152399 

.9531907 

24 

87 

.2859671 

.298429 


.9582394 

23 

37 

.3026471 

.317538 

3.149220 

.9531027 

23 

38 

.2862458 

.298746 

* S 

.9581562 

22 

38 

.3029244 

.317859 

3.146047 

.9530146 

22 

39 

.2865246 

.299063 

3.343772 

.9580729 

21 

39 

.3032016 

.318179 

3.142880 

.9529264 

21 

40 

.2868032 

.299380 

3.340232 

.9579895 

20 

40 

.3034786 

.318499 

3.139719 

.9528382 

20 

41 

.2870819 

.299697 

3.336699 

.9579060 

19 

41 

.3037559 

.318820 

3.136563 

.9527499 

19 

42 

.2873605 

.800014 

3.333173 

.9578225 

18 

42 

.3040331 

.319140 

3.133414 

.9526615 

18 

43 

.2876391 

.300331 

3.329654 

.9577389 

17 

43 

.3043102 

.319461 

3.130270 

.9525730 

17 

44 

.2879177 

.300648 

3.326141 

.9576552 

16 

44 

.3045872 

.319781 

3.127131 

.9524844 

16 

45 

.2881963 

.300965 

3.322636 

.9575714 

15 

45 

.3018643 

.320102 

3.123999 

.9523958 

IS 

46 

.2884748 

.301283 

3.319137 

.9574875 

14 

46 

.3051413 

.320423 

3.120872 

.9523071 

14 

47 

.2887533 

.301600 

3.315645 

.9574035 

13 

47 

.3054183 

.320744 

3.117750 

.9522183 

13 

48 

.2890318 

.301917 

3.312159 

.9573195 

12 

48 

.3056963 

.321064 

3.114635 

.9521294 

12 

49 

.2893103 

.302235 

3.308681 

.9572354 

11 

49 

.3059723 

.321385 

3.111525 

.9520404 

11 

50 

.2895887 

.302552 

3.305209 

.9571512 

10 

80 

.3062492 

.321706 

3.108421 

.9519514 

10 

51 

.2898671 

.302870 


.9570669 

9 

51 

.3065261 

.322027 

3.105322 

.9518623 

9 

62 

.2901455 

.303187 

3.298285 

.9569825 

8 

52 

.3068030 

.322348 

3.102229 

.9517731 

8 

53 

.2904239 

.303505 

3.294833 

.9568981 

7 

53 

.3070798 

.322670 

3.099141 

.9516838 

7 

64 

.2907022 

.303823 

3.291387 

.9568136 

6 

54 

.3073566 

.322991 

3.096059 

.9516944 

6 

85 

.2909805 

.304141 

3.287948 

.9567290 

5 

88 

.3076334 

.323312 

3.092983 

.9515050 

5 

66 

.2912588 

.304458 

3.284516 

.9566443 

4 

56 

.3079102 

.323633 

3.089912 

.9514154 

4 

67 

.2915371 

.304776 

3.281090 

.9565595 

3 

57 

.3081869 

.323955 

3.086846 

.9513258 

3 

68 

.2918153 

.305094 

3.277671 

.9564747 

2 

58 

.3084636 

.324276 

3.083786 

.9512361 

2 

59 

.2920935 

.305412 

3.274258 

.9563898 

1 

59 

.3087403 

.324598 

3.080732 

.9511464 

1 

00 

.2923717 

305730 

3.270852 

9563048 

0 

60 

3090170 

324919 

3 077683 

.9510565 

0 


Goslne. 

Cotang 

Tang. 

Sine. 



Cosine. 

Cotang 

Tang. 

Sine. 

- 


73® ^ 73® 


Cosecant 1 -«-sine.^ 


Note.—Secant -• l^oosine. 
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2.—Natural Slnest Tangbkts. Cotakobnts, Cosines. —(Continued.) 

(Versed sine — 1 —cosine; coversed sine — 1 —sine.) 

18 ® 19 ® 


*1 eine. I Tans.}Cotang. i Cosine. I || M Sine, j Tang. | Cotang.| Cosine. | 


0 

.3090170 

.324919 

3.077683 

.9510565 

60 

0 

.3255682 

.344327 

2.904210 

.9455186 

60 

1 

.3092936 

.325241 

3.074640 

.9509866 

59 

1 

.3258432 

.344653 

2.901468 

.9454238 

59 

2 

.3095702 

.325563 

3.071602 

.9508766 

58 

2 

.3261182 

.344978 

2.898731 

.9453290 

58 

3 

.3098468 

.325884 

3.068569 

.9507865 

57 

3 

.3263932 

.345304 

2.895998 

.9452341 

57 

4 

.3101234 

.326206 

3.065542 

.9506963 

56 

4 

t. 3.^66681 

.345629 

2.893270 

.9451391 

56 

5 

.3103999 

.326528 

3.062520 

.9506061 

55 

5 

.3269430 

.345955 

2.890546 

.9450441 

55 

6 

.3106764 

.326850 

3.059503 

.9505157 

54 

6 

.3272179 

..346281 

2.887827 

.9449489 

54 

7 

.3109529 

.327172 

3.056492 

.9504253 

53 

7 

.3274928 

.346606 

2.885113 

.9448537 

53 

8 

.3112294 

.327494 

3.053487 

.9503348 

52 

8 

.3277676 

.346932 

2.S82403 

.9447584 

52 

9 

.3115058 

.327816 

3.050486 

.9502443 

51 

9 

.3280424 

.347258 

2.879697 

.9446630 

51 

10 

.3117822 

.328138 

3.047491 

.9501536 

50 

10 

.3283172 

.347584 

2.876997 

.9445675 

50 

11 

.3120586 

.328461 

3.044501 

.9500629 

49 

11 

.3285919 

.347910 

2.874300 

.9444720 

49 

12 

.3123349 

.328783 

3.041517 

.9499721 

48 

12 

.3288666 

.348236 

2.871608 

.9443764 

48 

13 

.3126112 

.329105 

3.038538 

.9498812 

47 

13 

.3291413 

.348563 

2.868921 

.9442807 

47 

14 

.3128875 

.329428 

3.035564 

.9497902 

46 

14 

.3294160 

.348889 

2.866238 

.9441849 

46 

15 

.3131638 


3.032595 

.9496991 

45 

15 

.3296906 

.349215 

2.863560 

.9440890 

45 

16 

.3134400 


3.029632 

,9496080 

44 

16 

.3299653 

.349542 

2.860886 

.9439931 

44 

17 

.3137163 

.330395 

3.026673 

.9495168 

43 

17 

.3302398 

.349868 

2.858216 

.9438971 

43 

18 

.3139925 

.330718 

3.023720 

.9494255 

42 

18 

.3305144 

.350195 

2.855551 

.9438010 

42 

19 

.3142686 

rnmm 

3.020772 

.9493341 

41 

19 

.3307889 

.350521 

2.852891 

.9437048 

41 

20 

.3145448 

.331363 

3.017830 

.9492426 

40 

20 

.3310634 

.350848 

2.850234 

.9436085 

40 

21 

.3148209 


3.014892 

.9491511 

39 

21 

.3313379 

.351175 

2.847583 

.9435122 

39 

22 

.3150969 

.332009 

3.011960 

.9490595 

38 

22 

.3316123 

.351501 

2.844935 

.9434157 

38 

23 

.3153730 

.332332 

3.009033 

.9489678 

37 

23 

.3318867 

.351828 

2.842292 

.9433192 

37 

24 

.3156490 


3.006110 

.9488760 

36 

24 

.3321611 

.352155 

2.839653 

.9432227 

36 

25 

.3159250 


3.003193 

.9487842 

35 

25 

.3324355 

.352482 

2.837019 

.9431260 

35 

26 

.3162010 

.333302 

3.000282 

.9486922 

34 

26 

.3327098 

.352809 

2.834389 

.9430293 

34 

27 

.8164770 

.333625 

2.997376 

.9486002 

33 

27 

,3329841 

.353136 

2.831763 

.9429324 

33 

28 

.3167529 

.333948 

2.994473 

.9485081 

32 

28 

.3332584 

.353464 

2.829142 

.9428355 

32 

29 

.3170288 


2.991676 

.9484159 

31 

29 

.3335326 

.353791 

2.826525 

.9427386 

31 

30 

.3173047 

.334595 

2.988685 

.9483237 

30 

30 

.3338069 

.354118 

2.823912 

.9426415 

30 

31 

.3175805 

.334918 

2.985798 

.9482313 

29 

31 

.3340810 

.354446 

2.821304 

.9425444 

29 

32 

.3178563 

.335242 

2.982916 

.9481389 

28 

32 

.3343552 

.354773 

2.818700 

.9424471 

28 

33 

.3181321 

.335566 

2.980040 

.9480464 

27 

33 

.3346293 

.355101 

2.816100 

.9423498 

27 

34 

.3184079 

.335889 

2.977168 

.9479538 

26 

34 

.3349034 

.355428 

2.813504 

.9422525 

26 

35 

.3126836 

.336213 

2.974301 

.9478612 

25 

35 

.8351775 

.355756 

2.810913 

.9421550 

25 

36 

.3189593 

.336537 

2.971439 

.9477684 

24 

36 

.3354516 

.356084 

2.808326 

.9420575 

24 

37 

.3192350 

.336861 

2.968583 

.9476756 

23 

37 

.3357256 

.356411 

2.805743 

.9419598 

23 

38 

.3195106 

.337185 

2.965731 

.9475827 

22 

38 

.3359996 

.356739 

2.803164 

.9418621 

22 

39 

.3197863 

.337509 

2.962884 

.9474897 

21 

39 

.3362735 

.357067 

2.800590 

.9417644 

21 

40 

.3200619 

.337833 

2.960042 

.9473966 

20 

40 

.3365475 

.357395 

2.798019 

.9416665 

20 

41 

.3203374 

.338157 

2.957205 

.9473035 

19 

41 

.3368214 

.357723 

2.795453 

.9415686 

19 

42 

.3206130 

.338481 

2.954372 

.9472103 

18 

42 

.3370953 

.358051 

2.792891 

.9414705 

18 

43 

.3208885 

.338805 

2.951546 

.9471170 

17 

43 

.3373691 

.358380 

2.790333 

.9413724 

17 

44 

.3211640 

.339129 

2.948722 

.9470236 

16 

44 

.3376429 

.358708 

2.787780 

.9412743 

16 

45 

.3214395 

.339454 

2,945905 

.9469301 

15 

45 

.3379167 

.359036 

2.785230 

.9411760 

15 

46 

.3217149 

.339778 

2.943092 

.9468366 

14 

46 

.3381905 

.359365 

2.782685 

.9410777 

14 

47 

.3219903 

.340103 

2.940284 

.9467430 

13 

47 

.3384642 

.359693 

2.780144 

.9409793 

13 

48 

.3222657 

.340427 

2.937480 

.9466493 

12 

48 

.3387379 

.360022 

2.777606 

.9408808 

12 

49 

.3225411 

.340752 

2.934682 

.9465555 

11 

49 


.360350 

2.775073 

.9407822 

11 

30 

.3228164 

.341077 

2.931888 

.9464616 

10 

50 

.3392852 

.360679 

2.772544 

.9406835 

10 

61 

.3230917 

.341401 

2.929099 

.9463677 

9 

81 

.3395589 

.361008 

2.770019 

.9405848 

0 

52 

.3233670 

.341726 

2.926316 

.9462736 

8 

62 

.3398325 

.361337 

2.767499 

.9404860 

8 

53 

.3236422 

.342051 

2.923635 

.9461795 

7 

63 


.361666 

2.764982 

.9403871 

7 

54 

.3239174 

.342376 

2.920761 

.9460854 

6 

54 

E ^ 

.361994 

2.762469 

.9402881 

6 

85 

.3241926 

.342701 

2.917990 

.9459911 

5 

55 

.3406531 

.362324 

2.759960 

.9401891 

8 

56 

.3244678 

.343026 

2.915225 

.9458968 

4 

56 

.3409265 

.362653 

2.757456 

.9400899 

4 

57 

.3247429 

.343351 

2.912464 

.9458023 

3 

57 

.3412000 

.362982 

2.754955 

.9399907 

3 

58 

.3250180 

.343677 

2.909708 

.9457078 

2 

58 

.3414734 

.363311 

2.752458 

.9398914 

a 

69 

.3252931 

.344002 

2.906957 

.9466132 

] 

59 

.3417468 

.363640 

2.749966 

.9397921 

1 

80 

.3255682 

.344327 

2.904210 

.9455186 

0 

60 

.3420201 

.363970 

2.747477 

.9396926 

0 


Cosine. 

Cotangt Tang. 

1 Sine. 

# 


Cosine. 

Cotang 

1 Tang. 

Sine. 

— 


71 ® 70 * 


Cosecant l-^-sina. 


Kote.'—Secant — l<4-cosine. 
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2. «^atitral Sines, Tanobkts, Cotanobmts. Cosxnbs.-— (ContiniiedL} 

CSTersed sine — l-^cosine; coversed sine—1—sine.) 

20® 21® 


« II 

Bine. 

Tang.** 

Ootang.| Cosine. | 

li 1 

dine. 1 

Tang. 1 Cotang.i Cosine. 1 


0 

.3420201 

.863970 

2.747477 

.9306926 

60 

0 

.3583679 

.^83864 

2.605089 

.0335804 

60 

1 

.3422936 

.864299 

3.744992 

.9395931 

69 

1 

.3686395 

.384197 

2.602826 

.9334761 

69 

2 

.3425668 

.364629 

2.742512 

.9394935 

68 

2 

.3589110 

<77 

2.600565 

.9333718 

68 

8 

.3428400 

.364958 

2.740035 

.9393938 

57 

3 

.3591825 


2.698309 

.9332678 

57 

4 

.3431133 

.366288 

2.737562 

.9392940 

66 

4 

.3594540 

Hr Tf ' 

2.696056 

.9331628 

56 

5 

.3433865 

.365618 

2.735093 

.9391942 

55 

5 

.3597254 

fill 

2.593806 

.9330582 

55 

6 

.3436597 

.865948 

2.732628 

.9390943 

54 

6 

.369^.68 


2.591560 

.9329635 

64 

7 

.3439329 

.366277 

2.730167 

.9389943 

63 

7 

.3602682 


2.589317 

.9328488 

53 

8 

.3442060 

.366607 

2.727710 

.9388942 

52 

8 

.3605395 

if* 

3.587^.'78 

.9327439 

52 

9 

.3444791 

.366937 

2.725256 

.9387940 

51 

9 

.3608108 


2.584842 

.9326390 

61 

10 

.3447621 

.367268 

2.722807 

.9386938 

50 

10 

.3610821 

.387205 

2.582609 

.9325340 

50 

11 

w : ’ViM tl 

.367598 

2.720362 

.9385934 

49 

11 

.3613634 

.387639 

2.580380 

.9324290 

49 

12 


.367928 

2.717920 

.9384930 

48 

12 

.3616246 

.387874 

2.578158 

.9323238 

48 

13 

.3455712 

.368258 

2.715482 


47 

13 

.3618958 

.388209 

2.575931 

.9322186 

47 

14 

.3458441 

.368589 

2.713048 

.9382920 

46 

14 

.3621669 

.388543 

2.573711 

.9321133 

46 

15 

.3461171 

.368919 

2.710618 

.9381913 

45 

15 

.3624380 

.388878 

2.571495 

.9320079 

45 

16 

.3463900 

.369250 

2.708192 

.9380906 

44 

16 

.3627091 

.389213 

2.569283 

.9319024 

44 

17 

.3466628 

.369580 

2.705769 

.9379898 

43 

17 

.3629802 

.389548 

2.567073 

.3317969 

43 

le 

.3469367 

.369911 

2.703351 

.9378889 

42 

18 

.3632512 

.389883 

2.564867 

.9316912 

43 

19 

.3472085 

.370242 

2.700936 

.9377880 

41 

19 

.3635222 

.390218 

2.564664 

.9315855 

41 

ao 

.3474812 

.370572 

2.698526 

.9376869 

40 

20 

.3637932 

.390554 

2.560464 

.9314797 

40 

21 

.3477540 

.370903 

2.696118 

.9375858 

39 

21 

.3640641 

.390889 

2.558268 

.9313739 

39 

23 

.3480267 

.371234 

2.693714 


88 

22 

.3643351 

.391224 

2.556075 

.9312679 

38 

23 

.3482994 

.371565 

2.691314 

.9373833 

37 

23 

.3646059 

.391560 

2.553885 

.9311619 

37 

24 

.3485720 

.371896 

2.688919 

.9372820 

36 

24 

.3648768 

.391895 

2.551699 

.9310558 

36 

as 

.3488447 

.372227 

2.686526 

.9371806 

35 

25 

.3651476 

.392231 

2.549516 

.9309496 

35 

.26 

.3491173 

.372559 

2.684138 

.9370790 

34 

26 

.3654184 

.392567 

2.547335 

.9308434 

34 

27 

.3493898 

.372890 

2.681763 

.9369774 

33 

27 

.3656891 

.392902 

2.545159 

.9307370 

83 

28 

.3496624 

.373221 

2.679372 

.9368758 

32 

28 

.3659599 

.393238 

2.542985 

.9306306, 

83 

29 

.3499349 

.373553 

2.676995 

.9367740 

31 

29 

.3662306 

.393574 

2.640815 

.9305241 

81 

30 

.3502074 

.373884 

2.674621 

.9366722 

30 

30 

.3665012 

.393910 

2.638647 

.9304176 

30 

81 

.3604798 

.374216 

2.672251 

.9365703 

29 

31 

.3667719 

.394246 

2.536483 

.9303109 

29 

82 

.3507523 

.374547 

2.669885 

.9364683 

28 

32 

.3670425 

.394582 

2.634323 

.9302042 

88 

83 

.3510246 

.374879 

2.667522 

.9363662 

27 

33 

.3673130 

.394918 

2.532165 

.9300974 

27 

84 

.3512970 

.375211 

2.665163 

.9362641 

26 

34 

.3675836 

.395255 

2.530011 

.9299905 

26 

38 

.3515693 

.376543 

2.662808 

.9361618 

25 

35 

.3678541 

.395591 

2.5278591 

.9298835 

as 

86 

.3518416 

.375875 

2.660456 

.9360595 

24 

36 

.3681246 

.395928 

2.525711 

.9297765 

24 

87 

.3521139 

.376207 

2.658108 

.9359571 

23 

37 

.3683950 

.396264 

2.523566 

.9296694 

23 

88 

.3523862 

.376539 

2.655764 

.9358547 

22 

38 

.3686654 

.396601 

2.521424 

.9295622 

22 

89 

.3526584 

.376871 

2.653423 

.9357521 

21 

39 

.3689358 

.396937 

2.519286 

.9294549 

21 

40 

.3529306 

.377203 

2.651086 

.9356495 

20 

40 

.3692061 

.397274 

2.517150 

.9293475 

ao 

41 

.3532027 

.377536 

3.648753 

.9355468 

19 

41 

.3694765 

.397611 

2.515018 

.9292401 

19 

43 

.3534748 

.377868 

8.646423 

,9354440 

18 

42 

.3697468 

.397948 

2.512889 

.9291326 

18 

43 

.3537469 

.378201 

2.644096 

.9353412 

17 

43 

.3700170 

.398285 

2.510762 

.9290250 

17 

44 

.3540190 

.378533 

2.641774 

.9352382 

16 

44 

.3702872 

.398622 

2.508639 

.9289173 

16 

45 

.3542910 

.378866 

2,639454 

.9351352 

45 

45 

.3705574 

.398959 

2.506519 

.9288096 

15 

46 

.3545630 

.379198 

2.687139 

.9360321 

14 

46 

.3708276 

.399296 

2.504403 

.9287017 

14 

47 

.3548350 

.379531 

2.634827 

.9349289 

13 

47 

.3710977 

.399634 

2.502289 

.9285938 

13 

48 

.3551070 

.379864 

3.632518 

.9348257 

12 

48 

.3713678 

.399971 

2.500178 

.9284858 

12 

49 

.3553789 

.380197 

2.630213 

.9347223 

11 

49 

.3716379 

.400308 

2.498070 

.9283778 

11 

30 

.3556508 

.380530 

2.627912 

.9346189 

10 

50 

.3719079 

.400646 

2.495966 

.9282696 

10 

51 

.3559226 

.380863 

2.625614 

.9345154 

9 

51 

.3721780 

.400984 

2.493864 

.9281614 

9 

52 

.3561944 

.381196 

2.623319 

.9344119 

8 

52 

.3724479 

.401321 

2.491766 

.9280531 

8 

53 

.3564662 

.381529 

2.621028 

.9343083 

7 

53 

;3727179 

.401659 

2.489670 

.9279447 

7 

54 

.3567380 

.381862 

2.618741 

.9342045 

6 

54 

.3729878 

.401997 

2.48757e 

1 ,9278363 

6 

55 

.3570097 

.382196 

2.616457 

.9341007 

5 

55 

.3732677 

.402335 

2.48548{ 

\ .9277277 

5 

66 

.3572814 

.382529 

3.61417fi 

.9339968 

4 

66 

.3735275 

.402673 

2.483402 

1 .9276191 

4 

57 

.3575531 

.382863 

2.611899 

1 .9338928 

3 

67 

.3737973 

.403011 

2.48131S 

) .9275104 

3 

68 

.3578248 

.383196 

2.609628 

; .9337888 

2 

58 

.3740671 

.403349 

1 2.47923{ 

1 .9274016 

2 

59 

.3580964 

.383530 

2.607358 

; .9336846 

1 

58 

1 .3743360 

.403687 

2.477161 

.9272928 

1 

40 

.3583679 

.883864 

2.605089 

1 .0335804 

0 

60 

I .3746066 

.404026 

1 2.47508C 

; .9271839 

0 

1 Cosine. 

Gotpang 

Tang. 

Sine. 



Cosine. 

Ootang 

: Tang. 

Sine. 

— 


6ir 68* 


Note.—Secant - l-i«oo«lna. Cosecant- l-t^ne. 
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2.|-Natural Sines, Tangents, Cotangents, Cosines. —(Continued.) 


(Versed sine =» 1— cosine; coversed sine** 1 —sine.) 
22® 23® 


• 

Sine. 

1 Tang. 1 Cotang.l Cosine. 

1 

1 ' 

i Sine. 

1 Tang. 

1 Cotang 

1 Cosine. 1 

0 

.3746066 

.404026 

2.475086 

.9271839 

60 

0 

.3907311 

.424474 

2.355852 

.9205049 

60 

1 

.3748763 

.404364 

2.473015 

.9270748 

59 

1 

.3909989 

.424818 

2.353948 

.9203912 

5» 

2 

.3751459 

.404703 

2.470947 

.9269658 

58 

2 

.3912666 

.425161 

2.352046 

.9202774 

58 

3 

.3754156 

.405041 

2.468881 

.9268566 

57 

3 

.3915343 

.425505 

2.350148 

.9201635 

67 

4 

.3756852 

.405380 

2.466819 

.9267474 

56 

4 

.3918019 

.425848 

2.348251 

.9200496 

58 

5 

.3759547 

.405719 

2.464759 

.9266380 

55 

5 

.3920695 

.426192 

2.346358 

.9199356 

55. 

6 

.3762243 

.406057 

2.462703 

.9265286 

54 

6 

.3923371 

.426536 

2.344467 

.9198215 

54 

7 

.3764933 

.406396 

2.460649 

.9264192 

53 

7 

.3926047 

.426880 

2.342578 

.9197073 

53 

8 

.3767632 

.406735 

2.458598 

.9263096 

52 

8 

.3928722 

.427223 

2.340692 

.9195931 

53 

9 

.3770327 

.407074 

2.456551 

.9262000 

51 

9 

.3931397 

.427568 

2.338809 

.9194788 

51 

10 

.3773021 

.407413 

2.434506 

.9260902 

50 

10 

.3934071 

.427912 

2.336928 

.9193644* 

SO 

11 

.3775714 

.407753 

2.452464 

.9259805 

49 

11 

.3936745 

.428256 

2.335050 

.9192499 

49 

12 

.3778408 

.408092 

2.450425 

.9258706 

48 

12 

.3939419 

.428600 

3.333174 

.9191353 

48 

13 

.3781101 

.408431 

2.448389 

.9257606 

47 

13 

.3942093 

.428944 

2.331301 

.9190207 

47 

14 

.3783794 

.408771 

2.446355 

.9256506 

46 

14 

.3944766 

.429289 

2.329431 

.9189060 

48 

15 

.3786486 

.409110 

2.444325 

.9255405 

45 

15 

.3947439 

.429633 

? 327563 

.9187912 

45 

16 

.3789178 

.409450 

2.442298 

.9254303 

44 

16 

.3950111 

.429978 

2.325697 

.9186763 

44 

17 

.3791870 

.409790 

2.440273 

.9253201 

43 

17 

.3952783 

.430323 

2.323834 

.9185614 

43 

18 

,3794562 

.410129 

2.438251 

.9252097 

42 

18 

.3955455 

.430668 

2.321974 

.9184464 

43 

19 

.3797253 

.410469 

2.436233 

.9250993 

41 

19 

.3958127 

.431012 

2.320116 

.9183313 

41 

20 

.3799944 

.410809 

2.434217 

.9249888 

40 

20 

.3960798 

.431357 

2.318260 

.9182161 

40 

21 

.3802634 

.411149 

2.432204 

.9248782 

39 

21 

.3963468 

.431703 

2.316407 

.9181009 

39 

22 

.3805324 

.411489 

2.430193 

.9247676 

38 

22 

.3966139 

.432048 

2.814557 

.9179855 

38 

23 

.3808014 

.411830 

2.428186 

.9246568 

37 

23 

.3968809 

.432393 

2.312709 

.9178701 

37 

24 

.3810704 

.412170 

2.426181 

.9245460 

36 

24 

.3971479 

.432738 

2.310863 

.9177546 

36 

25 

.3813393 

.412510 

2.424180 

.9244351 

35 

25 

.3974148 

.433084 

2.309020 

.9176391 

35 

26 

.3816082 

.412851 

2.422181 

.9243242 

34 

26 

.3976818 

.433429 

2.307180 

.9175234 

34 

27 

.3818770 

.413191 

2.420185 

.9242131 

33 

27 

.3979486 

,433775 

2.305342 

.9174077 

33 

28 

.3821459 

.413532 

2.418191 

.9241020 

32 

23 

.3982155 

.434120 

2.303506 

.9172919 

33 

29 

.3824147 

.413872 

2.416201 

.9239908 

31 

29 

.3984823 

.434466 

2.301673 

.9171760 

31 

30 

.3826834 

.414213 

2.414213 

.9238795 

30 

30 

.3987491 

.434812 

2.299842 

.9170601 

30 

31 

.3829522 

.414554 

2.412228 

.9237682 

29 

31 

.3990158 

.435158 

2.298014 

.9169440 

29 

32 

.3832209 

.414895 

2.410246 

.9236567 

; 28 

32 

.3992825 

.435504 

2.296188 

.9168279 

25 

33 

,3834893 

.415236 

2.408267 

.9235452 

27 

33 

.3995492 

.435850 

2.294365 

.9167118 

27 

34 

.3837582 

,415577 

2.406290 

.9234336 

26 

34 

.3998158 

.436196 

2.292544 

.9165955 

28 

35 

.3840268 

.415918 

2.404316 

.9233220 

25 

35 

.4000825 

.436542 

2.290725 

.9164791 

25 

36 

.3842953 

.416259 

2.402345 

.9232102 

24 

36 

.4003490 • 

.436889 

2.288909 

.9163627 

24 

37 

.3845639 

.416601 

2.400377 

.9230984 

23 

37 

.4006156 

.437235 

2.287095 

.9162462 

23 

38 

.3848324 

.416942 

2.398411 

.9229865 

I 22 

38 

.4008821 

.437582 

2.285284 

.9161297 

23 

39 

.3851008 

.417284 

2.396449 

.9228745 

1 21 

39 

.4011486 

.437928 

2.283475 

.9160130 

2f 

40 

.3853693 

.417625 

i2.394488 

.9227624 

1 20 

40 

.4014150 

.438275 

2.281669 

.9158963 

20 

41 

.3856377 

.417967 

2.392531 

.9226503 

19 

41 

.4016814 

.438622 

2.279865 

.9157795 

19 

42 

.3859060 

.418309 

2.390576 

.9225381 

18 

42 

.4019478 

.438969 

2.278063 

.9156626 

18 

43 

.3861744 

.418650 

2.388625 

.9224253 

17 

43 

.4022141 

.439316 

2.276264 

.9155456 

17 

44 

.3864427 

.418992 

2.386675 

.9223134 


44 

.4024804 

.439663 

2.274467 

.9154286 

16 

45 

.3867110 

.419334 

2.384729 

.9222010 

1 

15 

45 

.4027467 

.440010 

2.272672 

.9153115 

15 

46 

.3869792 

.419676 

2.382785 

.9220884 

1 14 

46 

.4030129 

.440357 

2.270880 

.9151943 

14 

47 

.3872474 

.420019 

2.380844 

.9219758 

1 13 

47 

i .4032791 

.440705 

2.269090 

.9150770 

13 

48 

.3875156 

.420361 

2.378906 

.9218632 

12 

48 

1.4035453 

,.441052 

2.267303 

.9149597 

13 

49 

.3877837 

.420703 

2.376970 

.9217504 

11 

49 

.4038114 

.441400 

2.265518 

.9148422 

11 

50 

.3880518 

.421046 

2.375037 

,.9216375 

10 

50 

.4040775 

.441747 

2.263735 

.9147247 

10 

51 

.3883199 

.421388 

2.373106 

1.9215246 

9 

51 

1.4043436 

.442095 

2.261955 

.9146072 

9 

52 

.3885880 

.421731 

2.371179 

.9214116 

8 

52 

.4046096 

.442443 

2.260177 

.9144895 

8 

53 

.3888560 

.422073 

2.369254 

.9212986 

7 

53 

1.4048756 

[.442791 

2.258401 

.9143718 

7 

54 

.3891240 

.422416 

2.367331 

.9211854 

6 

54 

.4051416 

.443139 

2.256628 

.9142540 

6 

55 

.3893919 

.422759 

2.365411 

.9210722 

5 

55 

.4054075 

.443487 

2.254857 

.9141361 

S, 

56 

.3896598 

.423102 

2.363494 

.9209589 

4 

56 

.4056734 

.443835 

2.253088 

.9140181 

4 

67 

.3899277 

.423445 

2.361580 

.9208455 

3 

67 

.4059393 

.444183 

2.251322 

.9139001 

3 

58 

.3901955 

.423788 

2.359668 

.9207320 

2 

58 

.4062051 

.444531 

2.249558 

.9137819 

2 

69 

.3904633 

,424131 

2.357759 

.9206185 

1 

59 

.4064709 

.444880 

2.247796 

.9136637 

1 

00 

.3907311 

.424474 

2.355852 

.9205049 

0 

60 

.4067366 

.445228 

>2.246036 

.9135455 

0 


Cosine. 

Cotang 

Tang. 

I Sine. 

1 ' 


Cosine. 1 Cotang 

Tang. 

Sine. 

"'IT. 


67 ® 66 * 


Cosecant"* 1-i-sine. 


Notef-^—Secant --I•♦•cosine, 
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2. -^Natural Sines» Tanobnts. Cotanobnts, Cosn^Bs.-—(Continued.) 

(Versed sine — I—cosine; coversed sine*-1—sine.) 

24* 25® 


• I Sine, i Tang. \ Cotang.t Cosine. \ U * j aine. | Tang. ] Cotang.l Cosine. \ 


0 

.4067366 

.44522t> 

3.246036 

.9136455 

60 

0 

.4226183 

.466307 

2.144506 

.9063078 

eo 

1 

.407U024 

.445577 

2.244279 

.9134271 

59 

1 

.4228819 

.466661 

2.142879 

.9061848 

59 

2 

.4072681 

.445926 

2.242524 

.9133087 

68i 

2 

.4231455 

.467016 

2.141253 

.9060618 

58 

3 

.4075337 

.446274 

2.240772 

.9131902 

57 

3 

.4234090 

.467370 

2.139630 

.9059386 

67 

4 

.4077993 

.446623 

2.239021 

.9130716 

56 

4 

.4236725 

.467725 

2.138008 

.9058154 

56 

5 

.4080649 

.446972 

2.237273. 

.9129529 

55 

5 

.422''360 

.468079 

2.136389 

.9056922 

55 

6 

.4083305 

.447321 

2.235528 

.9128342 

54 

6 

.42419^4 

.468434 

3.134771 

.9055688 

54 

7 

.4085960 

.447670 

2.233784 

.9127154 

53 

7 

.4244628 

.468789 

2.13,9155 

.9054454 

53 

8 

.4088615 

.448020 

2.232043 

.9125965 

52 

8 

.4247262 

.469143 

2.131542 

.9053219 

52 

9 

.4091269 

.448369 

2.230304 

.9124775 

51 

9 

.4249895 

.469498 

2.129930 

.9051983 

51 

10 

.4093923 

.448718 

2.228567 

.9123584 

50 

10 

; 4252528 

.469853 

2.128321 

.9050746 

50 

11 

.4096577 

.449068 

2.226833 

.9122393 

49 

11 

.4255161 

.4'?0209 

2.126713 

.9049509 

49 

12 

.4099230 

.449417 

2.225100 

.9121201 

48 

12 

.4257793 

.470564 

2.125108 

.90482/1 

48 

13 

.4101883 

.449767 

2.223370 

.9120008 

47 

13 

.4260425 

.470919 

2.123504 

.9047032 

47 

14 

.4104536 

.450117 

2.221643 

.9118815 

46 

14 

.4263056 

.471275 

2.121903 

.9045792 

46 

15 

.4107189 

.450467 

2.219917 

.9117620 

45 

15 

.4265687 

.471630 

2.120303 

.9044551 

45 

16 

.4109841 

.450817 

2.218194 

.9116425 

44 

16 

.4268318 

.471986 

2.118705 

9043310 

44 

17 

.4112492 

.451167 

2.216473 

.9115229 

43 

17 

.4270949 

.472342 

2.117110 

.90420SS 

43 

18 

.4115144 

.451517 

2.214754 

.9114033 

42 

18 

.4273579 

.472697 

2.1’5516 

.9040825 

42 

19 

.4117795 

.451867 

2.213037 

.9112835 

41 

19 

.4276208 

.473053 

2.113924 

.9039582 

41 

20 

.4120445 

.452217 

2.211323 

.9111637 

40 

20 

.4278838 

.473409 

2.U2334 

.9038338 

40 

21 

.4123096 

.452568 

2.209611 

.9110438 

39 

21 

.4281467 

.473765 

2.110747 

.9037093 

39 

22 

.4125745 

.452918 

2.207901 

.9109238 

38 

22 

.4284095 

.474122 

2.109161 

. 9035847 

38 

23 

.4128395 

.453269 

2.206193 

.9108038 

37 

23 

.4286723 

.474478 

2.107577 

.9034600 

37 

24 

.4131044 

.453620 

2.204487 

.9106837 

36 

24 

.4289351 

.474834 

2.105995 

.9033353 

36 

25 

.4133693 

.453970 

2.202784 

.9105635 

35 

25 

.4291979 

.475191 

2.104415 

.9032105 

35 

26 

.4136342 

.454321 

2.201083 

.9104432 

34 

26 

.4294606 

.475548 

2.102836 

.9030856 

34 

27 

.4138990 

.454672 

2.199384 

.9103228 

33 

27 

.4297233 

.475904 

2.101260 

.9029606 

33 

28 

.4141638 

.455023 

2.197687 

.9102024 

32 

28 

.4399859 

.476261 

2.099686 

.9028356 

32 

29 

.4144285 

,455375 

2.195992 

.9100819 

31 

29 

.4302485 

.476618 

2.098114 

.9027105 

31 

30 

.4146932 

.455726 

2.194299 

.9099613 

30 

30 

.4305111 

.476975 

2.096543 

.902.5853 

30 

31 

.4149579 

.456077; 

2.192609 

.9098406 

29 

31 

.4307736 

.477332 

2.094975 

.9024600 

29 

32 

.4152226 

.456429 

2.190921 

.9097199 

28 

32 

.4310361 

.477689 

2.093408 

.9023847 

28 

33 

.4154872 

.456780 

2.189234 

.9095990 

27 

33 

.4312986 

.478047 

2.091843 

.9022092 

27 

34 

.4157517 

.457132 

2.187551 

.9094781 

26 

34 

.4315610 

.478404 

2.090280 

.9020838 

26 

35 

.4160163 

.457483 

2.185869 

.9093572 

25 

35 

.4318234 

.478762 

2.088720 

.9019582 

25 

36 

.4162808 

.457835 

2.184189 

.9092361 

24 

36 

.4320857 

.479119 

2,087161 

,9018325 

24 

37 

.4165453 

.458187 

2.182511 

.9091150 

23 

37 

.4323481 

.479477 

2.085603 

,9017068 

23 

38 

.4168097 

.458539 

2.180836 

.9089938 

22 

38 

.4326103 

.479835 

2.084048 

.9015810 

22 

39 

.4170741 

.458801 

2.179163 

.9088725 

21 

39 

.4328726 

.480193! 

2.082495 

.9014551 

21 

40 

.4173385 

.459243 

2.177492 

.9087511 

20 

40l 

.4631348 

.480551 

2.080943 

.9013292 

20 

41 

.4176028 

.459596 

2.175822 

.9086297 

19 

41 

.4333970 

.480909 

2.079394 

.9012031 

19 

42 

.4178671 

.459948 

2.174155 

.9085082 

18 

42 

.4336591 

.481267 

2.077846 

.9010770 

18 

43 

.4181313 

.460301 

2.172491 

.9083866 

17 

43 

.4339212 

.481625 

2.076300 

.9009508 

17 

44 

.4183956 

.460653 

2.170828 

.9082649 

16 

44 

.4341832 

.481984 

2.074756 

.9008246 

16 

45 

.4186597 

.461006 

2,169167 

.9081432 

15 

45 

,4344453 

.482342 

2.073214 

.9006982 

15 

46 

.4189239 

.461359 

2.167509 

.9080214 

14 

46 

.4347072 

.482701 

2.071674 

.9005718 

14 

47 

.4191880 

.461711 

2.165852 

.9078995 

13 

47 

.4349692 

.483060 

2.070135 

.9004453 

13 

48 

.4194521 

.462064 

2.164198 

.9077775 

12 

48 

.4352311 

.483418 

2.068599 

.9003188 

12 

49 

.4197161 

.462417 

2.162546 

.9076554 

11 

49 

.4354930 

.483777 

2.067064 

.9001921 

11 

50 

.4199801 

.462771 

2.160895 

.9075333 

10 

50 

.4357548 

.484136 

2.065531 

.9000654 

10 

61 

.4202441 

.463124 

1 2.159247 

.9074111 

9 

51 

.4360166 

.484495 

2.064000 

.8999386 

9 

52 

1 .4205080 

.463477 

' 2.157601 

.9072888 

8 

52 

: .4362784 

.484855 

1 2.062471 

.8998117 

8 

53 

1 .4207719 

.46o831 

. 2.155957 

.9071665 

7 

53 

: .4365401 

.4852H 

. 2.060944 

i .8996848 

7 

54 

1 .4210358 

.464184 

[ 2.15431S 

1 .9070440 

6 

54 

. .4368018 

.485573 

t 2.05941$ 

1 .8995578 

6 

55 

; .4212996 

.46453$ 

i 2.15267£ 

i .9069215 

5 

55 

,4370634 

.485933 

i 2.05789S 

> .8994307 

5 

5( 

; .4215634 

.464891 

1 2.151031 

' .9067989 

4 

5€ 

; .4373251 

.486293 

\ 2.056373 

t .8993035 

4 

51 

' .4218272 

.46524$ 

> 2.149401 

! .9066762 

3 

51 

' .4375866 

.486651 

1 2.054853 

1 .8991763 

3 

51 

i .4220909 

.465591 

) 2.14776$ 

i ,9065535 

2 

5$ 

i .4378482 

.487011 

! 2.053334 

1 .8990489 

2 

5! 

) .4223546 

.46595$ 

) 2.14613( 

> .9064307 

1 

51 

1 .4381097 

.487375 

! 2.05181$ 

) .8989215 

1 

ec 

} .4226183 

.466307 2.144501 

> .9063078 

0 

» 6( 

> .4383711 

.487735 

2 2.050301 

l|. 8987940 

0 

" ■ 


Cosine. 

ICotanRl Tani?. I Sine. 

1 ' 

li 1 Cosine. iCotangl Tang. 

1 Sine. 



65® 64® 


Cosecant 1 -i>sine« 


Note.—^eesmt «* 1 -i-cosine. 
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2.<—Natufal Sines, Tamobkts, Cotanobmts. CosoTBS.-^KCoiit i n i iedi ) 


(Versed sine ■>l->coBine; coversed £ne«>l—sitie.) 
28® 27® 


' 1 

Sine. 1 Tang. | Cotang.) CkMlne. I 

11 ' 1 

Sine. 1 Tang. | Ootang.) Cosine. | 

.mmm. 


.4383711 

.487732 

2.050303I 

.8987940 

60 

0 

.4539905 

.509525 1.962610 

.8910065 

60 

1 

.4386326 

.488092 

1 ij 

.8986665 

59 

1 

.4542497 

.509891 1.961200 

.8908744 

59 

2 

.4388940 

.488453 

1 iTyr- !TI 

.8985389 

58 

2 

.4545088 

.510258 1.959791 

.8907423 

58 

3 

.4391653 

.488813 


.8984112 

57 

3 

.4547679 

.510625 1.958383 


57 

4 

.4394166 

.489173 


.8982834 

56 



.510991 1.956978 

.8904777 

56 

S 

.4396779 

.489534 

1 •if-iri ^7i 

.8981555 

55 



.511358 1.955573 

mmmm 

55 

6 

.4399392 

.489894 

iIlr'.'-tT 

.8980276 

54 


.4555449 

.511725 1.954171 

.8903128 

54 

7 


.490255 

2.039751 

.8978996 

53 


.4558038 

.512093 

1.952770 


53 

8 

.4404615 

.490616 

2.038251 

.8977715 

52 


.4560627 


1.951371 

.8899476 

53 

9 

.4407227 

.490977 

2.036753 

.8976433 

51 


.4563216 

.512827 

1.949973 

.8898149 

51 

10 

.4409838 

.491338 

2.035256 

.897'5151 

50 


.4565804 

.513195 

1.948577 

.8896822 

50 

11 

.4412448 

.491699 

2.033761 

.8973868 

49 

11 

.4568392 

.513562 

1.947112 

.8805493 

49 

12 

.4416059 


2.032268 

.8972584 

ED 

12 

.4570979 

.513930 

1.945789 

.8894164 

48 

13 

.4417668 

.492422 

2.030776 

.8971299 

47 

13 

.4573566 

.514298 

1.944398 

.8892834 

47 

14 

KfEKl 

.492783 

2.029287 

.8970014 

46 

14 

.4576153 

.514665 



46 

15 

.4422887 

wwm 

2.027799 

.8968727 

45 

15 

.4578739 

.515033 

1.941620 

.8890171 

45 

16 

.4425496 

.493507 

2.026313 

.8967440 

44 

16 

.4581325 

.515401 

1.940233 

.8888839 

44 

17 

.4428104 

.493868 

2.02^828 

.8966153 

43 

17 

.4583910 

.515770 

1.938848 

.8887606 

43 

16 

.4430712 

.494230 

2.023346 

.8964864 

42 

18 

.4586496 

.516138 

1.937464 

.8886172 

42 

19 

.4433319 

.494592 

2.021865 

.8963575 

41 

19 

.4589080 

.516506 

1.936082 

.8884838 

41 

20 

.4435927 

.494954 

2.020386 

.8962285 

40 

20 

.4591665 

.516875 

1.934702 

.8883503 

40 

21 

.4438534 

wmm 

2.018908 

.8960994 

39 

21 

.4594248 

.517244 

1.933323 

.8882166 

39 

22 

.4441140 

.495679 

2.017433 

.8959703 

38 

22 

.4596832 

.517612 

1.931945 

mmm 

38 

23 

.4443746 



.8958411 

37 

23 

.4599415 

.517981 

1.930569 

.8879493 

37 

U 

.4446352 

.496404 

2.014486 

.8957118 

36 

24 

.4601998 

.518350 

1.929195 

.8878154 

36 

25 

.4448957 

.496766 

2.013016 

.8955824 

35 

25 

.4604580 

.618719 

1.927822 

.8876815 

3$ 

28 

.4451662 

IrMl 

2.011547 

.8954529 

34 

26 

.4607162 

.519089 

1.926451 

.8875475 

34 

27 

.4454167 

iitii 


.8953234 

88 

27 

.4609744 

.519458 

1.925081 

.8874134 

33 

38 

.4456771 



.8951938 

32 

28 

.4612325 

.519827 

1.923713 

.8872793 

32 

39 

.4459375 

.498218 


.8950641 

31 

29 

.4614906 

.520197 

1.922347 

.8871451 

31 

30 

.4461978 

KELm! 


.8949344 

30 

30 

.4617486 

.520567 

1.920982 

BHWml 

30 

81 

.4464681 

.498944 

' litH-r-t 

.8948045 

29 

31 

.4620066 

.520936 

1.919618 


29 

82 

.4467184 

.499808 

I MM 

.8946746 

28 

32 

.4622646 

.621306 

1.918256 

.8867420 

28 

83 

.4469786 

.499671 

■ tt* 

.8945446 

27 

33 

.4625225 

.521676 

1.916896 

.8866075 

27 

84 

.4472388 

mmm 


.8944146 

26 

84 

.4627804 

.522046 

1.915537 

.8864730 

26 

35 

.4474990 

.600398 


.8942844 

35 

35 

.4630382 

.622417 

1.914179 

.8863383 

25 

86 

.4477591 

.600762 

1.996953 

.8941542 ! 

24 

36 

.4632960 

.522787 


.8862036 

24 

87 


.501126 

1.995503 

.8940240 1 

23 

37 

.4635538 

.623157 

1.911469 


23 

88 

.4482792 



.8938936 


38 

.4638115 

.623528 

1.910116 

.8859839 

22 

89 

.4485392 

1.501854 

1.992608 

.8937632 

21 

39 

.4640692 

.523899 

1.908764 

.8857989 

21 

40 

.4487992 

.502218 

1.991163 



40 

.4643269 

.524269 

1.907414 

.8856639 

20 

41 

.4490591 


1.98972(1 

.8935021 


41 

.4645845 

.524640 


.8855288 

19 

42 

.4493190 

.502947 

1.988278 

.8933714 


42 

.4648420 

.525011 

1.904719 

.8853936 

18 

43 

.4495789 


1.986838 

.8932406 

17 

43 

.4650996 

.525382 

1.903373 

.8852584 

17 

44 

.4498387 

.503676 

1.985400 


16 

44 

.4653571 

.525754 


.8851230 

16 

45 

.4500984 

.504041 

1.983963 

.8929789 

lu 

45 

.4656145 

.626125 


.8849876 

15 

46 

.4603582 

.604406 

1.982628 

.8928480 

Id 

46 

.4668719 



.8848622 

14 

47 

.4506179 


mmm 

.8927169 

Id 

47 

.4661293 


1.898006 

.8847166 

18 

48 

.4508775 

1.505136 

! 1.979663 

.8925858 

12 

48 

.4663866 

.52724(1 

1.89666S 

.8845810 

12 

49 

.4611872 

.505501 

1.978233 

.8924546 

11 

49 

.4666439 

.527612 

1.896332 

.8844453 

11 

50 

.4513967 



.8923234 

B O' 

50 

.4669012 

.527983 

1.893997 

.8843096 

ED 

51 

.4616563 



.8921920 


51 

.4671584 

.628356 

1.892668 

.8841736 

9 

62 

.4519158 

.506597 

1.973953 



52 

.4674156 

.528728 

1.891331 

.8840377 

8 

63 

.4521753 

.506963 

1.972528 

.8919291 


53 

.4676727 

.529100 

1 jw 

.8839017 


64 

.4524347 

.507329 


.8917975 


54 

.4679298 

.529472 


.8837656 


55 

.4526941 

.507691 

1.969687 

.8916659 


55 

.4681869 

.529845 

’ 1 2] 

.8836295 


66 

.4529535 

.50806C 

1.968261 

.8915342 

4 

56 

.4684839 

.630217 

' 1 t1 

.8834933 


67 

.4532128 


1.966851 

Eurwi 

\m 

57 

.4687009 

.630590 

1.884692 

.8833569 


68 

.4534721 

.608792 

1.965431 

.8912705 

H 

58 

.4689578 



.8832206 


69 

.4587313 

.609159 

1.964022 

.8911385 

H 

59 

.4692147 



.8830841 


50 

.4539905 

.509626 

1.962610 

.8910065 


60 

.4694716 

|.631709 

yg|j| 

.8829476 


pM 


lEEIZr; 

\smm 

(mmm 

[mam 



[jmnm 

-i 


68 * ea* 


Cosecant •• I-»-tise« 


Note.—Secant — l-«'Cosine. 
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2. —Natural Sines, Tangents, Cotangents, Cosines.— (Continued.) 

(Versed sine — 1—cosine; coversed sine1 —sine.) 

28® 29® 


^ I Sine, i Tang. |Cotang.| Cosine. | M * | Sine. | Tang. | Cotang.l Cosine. | 


0 

.4694716 

.531709 

1.88072G 

.8829476 

60 

O 

.4848096 

.554309 

1.804047 

.8746197 

eo 

1 

.4697284 

.532082 

1.879407 

.8828110 

59 

1 

.4850640 

.554689 

1.802810 

.8744786 

59 

2 

.4699852 

.532455 

1.878089 

.8826743 

58 

2 

.4853184 

.555069 

1.801575 

.8743375 

58 

3 

.4702419 

.532829 

1.876773 

.8825376 

67 

3 

.4855727 

.555450 

1.800340 

.8741963 

57 

4 

.4704986 

.533202 

1.875458 

.8824007 

56 

4 

.4858270 

.555831 

1.799107 

.8740550 

56 

5 

.4707553 

.533576 

1.874145 

.8822638 

55 

5 

.4860812 

.556211 

1.797876 

.8739137 

55 

6 

.4710119 

.533950 

1.872833 

.8821269 

54 

6 

.48^1354 

.556592 

1.796645 

.8737722 

54 

7 

.4712685 

.534324 

1.871523 

.8819893 

53 

7 

.4865895 

.556073 

1.795416 

.8736307 

53 

8 

.4715250 

.534698 

1.870214 

.8818527 

52 

€ 

.4868436 

.557355 

1.79(188 

.8734891 

52 

9 

.4717815 

.535072 

1.868906 

.8817155 

51 

9 

.4870977 

.557736 

1.792961 

.8733475 

51. 

10 

.4720380 

.535446 

1.867600 

.8815782 

50 

10 

.4873517 

.558117 

1.791736 

.8732058 

50 

11 

.4722944 

.535820 

1.866295 

.8814409 

49 

11 

.4876057 

.558499 

1.790512 

.8730640 

49 

12 

.4725508 

.536195 

1.864992 

.8813035 

48 

12 

.4878597 

. >58881 

1.789289 

.8729221 

49 

13 

.4728071 

.536569 

1.863690 

.8811660 

47 

13 

.4881136 

.559262 

1.788067 

.8727801 

47 

U 

.4730634 

.536944 

L.862389 

8810284 

46 

14 

.4883674 

.559644 

1.786847 

.8726381 

46 

15 

.4733197 

.537319 

1.861090 

.8808907 

45 

15 

.4886212 

.560026 

1.785628 

.8724960 

45 

16 

.4735759 

.537694 

1.859792 

.8807530 

44 

16 

.4888750 

.560409 

1.784410 

.8723538 

44 

17 

.4738321 

.538069 

1.858496 

.8806152 

43 

17 

.4891288 

.560791 

1.783194 

.8722116 

43 

li 

.4740882 

.538444 

1.857201 

:8804774 

42 

18 

.4893825 

.561173 

1.781979 

.8720693 

42 

19 

.4743443 

.538819 

1.855908 

.8803394 

41 

19 

.4896361 

.561556 

i .'i 80765 

.8719269 

41 

2Q 

.4746004 

.539195 

1.854615 

.8802014 

40 

20 

.4898897 

.56l93y 

1.779552 

.8717844 

40 

21 

.4748564 

.539570 

1.853325 

.8800633 

39 

21 

.4901433 

562321 

1.77S340 

.8716419 

39 

22 

.4751124 

.539946 

1.852035 

.8799251 

38 

22 

.4903908 

.562704 

1.777130 

.8714993 

38 

23 

.4753683 

.540322 

1.850747 

.8797869 

37 

23 

.4906503 

.563087 

1.775921 

.8713566 

37 

24 

.4756242 

.540698 

1.849461 

.8796486 

36 

24 

.4909038 

.563471 

1.774714 

.8712138 

36 

35 

.4758801 

.541074 

1.848176 

.8795102 

35 

25 

.4911572 

.563854 

1.773507 

.8710710 

35 

26 

.4761359 

.541450 

1.846892 

.8793717 

34 

26 

.4914105 

.564237 

1.772302 

.8709281 

34 

27 

.4763917 

.541826 

1.845609 

.8792332 

33 

27 

.4916638 

.564621 

1.771098 

.8707851 

33 

28 

.4766474 

.542202 

1.844328 

.8790946 

32 

28 

.4919171 

.565005 

1.769895 

.8706420 

32 

29 

.4769031 

.542579 

1.843049 

.8789559 

31 

29 

.4921704 

.565388 

1.768694 

.8704989 

31 

30 

.4771588 

.542955 

1.841770 

.8788171 

30 

30 

.4924236 

.565772 

1.767494 

.8703557 

30 

31 

.4774144 

.543332 

1.840494 

.8786783 

29 

31 

.4926767 

.566156 

1.766295 

.8702124 

29 

32 

.4776700 

.543709 

1.839218 

.8785394 j 

28 

32 

.4929298 

.566541 

1.765097 

.8700691 

28 

33 

.4779255 

.544086 

1.837944 

.8784004 ' 

27 

33 

.4931829 

.566925 

1.763900 

.8699256 

27 

34 

.4781810 

.544463 

1.836671 

.8782613 

26 

34 

.4934359 

.567309 

1.762705 

.8697821 

26 

-35 

.4784364 

.544840 

1.835399 

.8781222 

25 

35 

.4936889 

.567694 

1.761511 

.8696386 

25 

36 

.4786919 

.545217 

1.834129 

.8779830 

24 

36 

.4939419 

.568079 

1.760318 

.8694949 

24 

37 

.4789472 

.545595 

1.832861 

.8778437 

23 

37 

.4941948 

.568463 

1.759126 

.8693512 

23 

38 

.4792026 

.645972 

1.831593 

.8777043 

22 

38 

.4944476 

.568848 

1.757936 

.8692074 

22 

39 

.4794579 

.546350 

1.830327 

.8775649 

21 

39 

,4947005 

.569233 

1.756747 

.8690636 

21 

40 

.4797131 

.546728 

1.829062 

.8774264 

20 

40 

.4949532 

.569619 

1.755559 

.8688196 

20 

41 

.4799683 

.547106 

1.827799 

.8772858 

19 

41 

.4952060 

.570004 

1.754372 

.8687756 

19 

42 

.4802235 

.547484 

1.826537 

.8771462 

18 

42 

.4954587 

.570389 

i 1.753186 

.8686315 

18 

43 

.4804786 

.547862 

1.825276 

.8770064 

17 

43 

.4957113 

.570775 

11.752002 

.8684874 

17 

44 

.4807337 

.548240 

1.824017 

.8768666 

16 

44 

.4959639 

.571161 

1.750819 

.8683431 

16 

45 

,4809888 

.548618 

1.822759 

.8767268 

J5 

45 

.4962165 

.571547 

1.749637 

.8681988 

15 

46 

.4812438 

.548997 

1.821502 

.8765868 

14 

46 

.4964690 

.571933 

1.748456 

.8680544 

14 

47 

.4814987 

.649375 

1.820247 

.8764468 

13 

47 

,4967215 

.572319 

1.747276 

.8679100 

13 

48 

.4817537 

.549754 

1.818993 

.8763067 

12 

48 

.4969740 

.572705 

1.746098 

.8677655 

12 

49 

.4820086 

.550133 

1.817740 

.8761665 

11 

49 

.4972264 

.573091 

1.744921 

.8676209 

11 

50 

.4822634 

.550512 

1.816489 

.8760263 

10 

50 

,4974787 

.573478 

1.743745 

.8674762 

10 

51 

.4825182 

.550891 

1.815239 

.8758859 

9 

51 

.4977310 

.573864 

1.742570 

.8673314 

9 

62 

.4827730 

.551270 

1.813990 

.8757455 

8 

52 

.4979833 

.574251 

1.741396 

.8671866 

8 

63 

.4830277 

.551650 

1.812743 

.8756051 

7 

53 

.4982355 

.574638 

1.740224 

.8670417 

7 

64 

.4832824 

.552029 

1.811496 

.8754645 

6 

54 

.4984877 

.575025 

1.739053 

.8668967 

6 

55 

.4835370 

.552400 

1.810252 

.8753239 

5 

55 

.4987399 

.575412 

1.737883 

.8667517 

5 

66 

.4837916 

.552789 

1.809008 

.8751832 

4 

56 

.4989920 

.575799 

1.736714 

.8666066 

4 

67 

.4840462 

.553168 

1.807766 

.8750425 

3 

57 

.4992441 

.576187 

1.735546 

.8664614 

3 

68 

.4843007 

.553548 

1.806525 

.8749016 

2 

58 

.4994961 

.576574 

1.734380 

.8663161 

2 

59 

.4845552 

.553928 

1.805286 

.8747607 

' 1 

59 

.4997481 

.576962 

1.733214 

.8661708 

1 

60 

.4848096 

.554309 

1.804047 

.8746197 

0 

60 

.5000000 

.577350 

1.732050 

.8660254 

0 

— 

Cosine. 

Cotang 

1 Tang. 

Sine. 



Cosine. 

Cotang 

Tang. 

Sine. 

* 


61® 


Note.—Secant cosine. Cosecant — l-^sine. 


60 ® 
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2.--Natnral Sines, Tanobnts, Cotangents. Cosines. —(Continued.) 


(Versed sine — 1—cosine; coversed sine—1—sine.) 
80® 31® 


t 

Sine. 

Tang. 

1 

8 

Coaine. 

11 ' 

sine. 1 Tang, i Cotang. | Cosine. 

— 

0 

.5000000 

.577350 

1.732050 

.8660254 

60 

0 

.5150381 

.600860 

1.664279 

.8571673 

60 

1 

.5002519 

.577738 

1.730887 

.8658799 

59 

1 

.5152874 

.601256 

1.663183 

.8570174 

69 

2 

.5005037 

.578126 

1.729726 

.8657344 

58 

2 

.5155367 

.601652 

1.662088 

.8568675 

58 

3 

.5007556 

.578514 

1.728665 

.8655887 

57 

3 

.5157859 

.602049 

1.660994 

.8567175 

57 

4 

.5010073 

.578902 

1.727406 

.8654430 

56 

4 

.5160351 

.602445 

1.659901 

.8565674 

58 

8 

.5012591 

.679291 

1.726247 

.8652973 

55 

5 

.5162842 

.602841 

1.658809 

.8564173 

55 

6 

.5015107 

.679679 

1.725090 

.8651514 

54 

6 

.5165333 

.603238 

1.657718 

.8562671 

54 

7 

.5017624 

.580068 

1.723934 

.8650055 

63 

7 

.5167824 

.603635 

1.656629 

.8561163 

53 

8 

.5020140 

.580457 

1.722779 

.8648595 

52 

8 

.5170314 

.604032 

1.655540 

.8559664 

82 

9 

.5022655 

.580846 

1.721626 

.8647134 

51 

0 

.5172804 

.604429 

1.654452 

.8558160 

51 

10 

.6025170 

.581235 

1.720473 

.8645673 

50 

10 

.5175293 

.604826 

1.653366 

.8556655 

50 

li 

.5027685 

.681624 

1.719322 

.8644211 

49 

11 

.5177782 

.605224 

1.652280 

.8555149 

49 

12 

.5030199 

.582013 

1.718172 

.8642748 

48 

12 

.5180270 

.605621 

1.651196 

.8553643 

48 

13 

.5032713 

.582403 

1.717023 

.8641284 

47 

13 

.5182758 

.606019 

1.650112 

.8552135 

47 

14 

.5035227 

.682793 

1.715875 

.8639820 

46 

14 

.5185246 

.606417 

1.649030 

.8550627 

46 

15 

.5037740 

.583182 

1,714728 

.8638355 

45 

15 

.6187733 

.606814 

1.647949 

.8549119 

45 

16 

.5040252 

.583572 

1.713582 

.8636889 

44 

16 

.6190219 

.607213 

1.646868 

.8547609 

44 

17 

.5042765 

.583962 

1.712438 

.8635423 

43 

17 

.5192705 

.607611 

1.645789 

.8546099 

43 

18 

.5045276 

.684352 

1.711294 

.8633956 

42 

18 

.5195191 

.608009 

1.644711 

.8544588 

42 

19 

.5047788 

.584743 

1.710152 

.8632488 

41 

19 

.5197676 

.608408 

1.643633 

.8543077 

41 

70 

.6050298 

.585133 

1.709011 

.8631019 

40 

20 

.5200161 

.608806 

1.642557 

.8541564 

40 

21 

.5052809 

.585524 

1.707871 

.8629549 

39 

21 

.5202646 

.609205 

1.641482 

.8540051 

39 

22 

.5055319 

.585914 

1.706732 

.8628079 

38 

22 

.5205130 

.609604 

1.640408 

.8538538 

38 

23 

.5057828 

.686305 

1.705595 

.8626608 

37 

23 

.5207613 

.610003 

1.639335 

.8537023 

37 

24 

.5060338 

.686696 

1.704458 

.8625137 

36 

24 

.5210096 

.610402 

1.638263 

.8535508 

36 

25 

.5062846 

.587087 

1.703323 

.8623664 

35 

25 

.5212579 

610801 

1.637191 

.8533992 

35 

26 

.5065355 

.587478 

1.702189 

.8622191 

34 

26 

.5215061 

.611201 

1.636121 

.8532475 

34 

27 

.5067863 

.687870 

1.701055 

.8620717 

33 

27 

.5217543 

.611601 

1.635052 

.8530958 

33 

28 

.5070370 

.588261 

1.699923 

.8619243 

32 

28 

.5220024 

.612000 

1.633984 

.8529440 

32 

29 

.5072877 

.588653 

1.698792 

.8617768 

31 

29 

.5222505 

.612400 

1.632917 

.8527921 

31 

30 

.5075384 

.589045 

1.697663 

.8616292 

30 

30 

.5224986 

.612800 

1.631851 

.8526402 

30 

31 

.5077890 

.589436 

1.696534 

.8614815 

29 

31 

.5227466 

.613201 

1.630786 

.8524881 

29 

32 

.5080396 

.589828 

1.695406 

.8613337 

28 

32 

.5229945 

.613601 

1.629722 

.8523360 

28 

33 

.5082901 

.590221 

1.694280 

.8611859 

27 

33 

.5232424 

.614001 

1.628659 

.8521839 

27 

34 

.5085406 

.5906131 

1.693155 

.8610380 

26 

34 

.5234903 

.614402 

1.627597 

.8520316 

26 

35 

.5087910 

.6910051 

1.692030 

.8608901 

25 

35 

.5237381 

.614803 

1.626536 

.8518793 

25 

36 

.5090414 

.591398 

1.690907 

.8607420 

24 

36 

.5239859 

.615204 

1.625476 

.8517269 

24 

37 

.5092918 

.591791 

1.689785 

.8605939 

23 

*37 

.5242336 

.615605 

1.624417 

.8515745 

23 

38 

.5095421 

.692183 

1.688664 

.8604457 

22 

38 

.5244813 

.616006 

1.623359 

.8514219 

22 

39 

.5097924 

.692576 

1.687544 

.8602975 

21 

39 

.5247290 

.616407 

1.622302 

.8512693 

21 

4Q 

.6100426 

.592969 

1.686426 

.8601491 

20 

40 

.5249766 

.616809 

1.621246 

.8511167 

20 

41 

.6102928 

.593363 

1.685308 

.8600007 

19 

41 

.5252241 

.617210 

1.620192 

.8509639 

19 

42 

.5105429 

.593756 

1.684191 

.8593523 

18 

42 

.5254717 

.617612 

1.619138 

.8508111 

18 

43 

.6107930 

.594150 

1.683076 

.8597037 

17 

43 

.5257191 

.618014 

1.618085 

.8506583 

17 

44 

.5110431 

.594543 

1.681962 

.8595551 

16 

44 

.5259665 

.618416 

1.617033 

.8505053 

16 

45 

.5112931 

.594937 

1.680848 

.8594064 

15 

45 

.5262139 

.618818 

1.615982 

.8503522 

15 

46 

.5115431 

.595331 

1.679736 

.8592576 

14 

46 

.5264613 

.619221 

1.614932 

.8501991 

14 

47 

.5117930 , 

.595725 

1.678625 

.8591088 

13 

47 

.5267085 

.619623 

1.613882 

.8500459 

13 

48 

.5120429 

.596119 

1.677515 

.8589599 

12 

48 

.5269558 

.620026 

1.612834 

.8498927 

12 

49 

.5122927 

.596514 

1.676406 

.8588109 

11 

49 

.5272030 

.620429 

1.611787 

.8497394 

11 

80 

.5125425 

.596908 

1.675298 

.8586619 

10 

50 

.5274502 

.620832 

1.610741 

.8495860 

10 

61 

.5127923 

.597303 

1.674192 

.8585127 

9 

51 

.5276973 

.621235 

1.609696 

.8494325 

9 

52 

.5130420 

.697697 

1.673086 

.8583635 

8 

52 

.5279443 

.621638 

1.608652 

.8492790 

8 

53 

.5132916 

.698092 

1.671981 

.8582143 

7 

53 

.5281914 

.622041 

1.607609 

.8491254 

7 

54 

.5135413 

.698487 

1.670878 

.8580649 

6 

54 

.5284383 

.622445 

1.606567 

.8489717 

6 

85 

.5137908 

.698882 

1.669775 

.8579155 

5 

55 

.5286853 

.622848 

1.605526 

.8488179 

5 

56 

.5140404 

.699278 

1.668674 

.8577660 

4 

56 

.5289322 

.623252 

1.604485 

.8486641 

4 

67 

.5142899 

.699673 

1.667574 

.8576164 

3 

57 

.5291790 

.623656 

1.603446 

.8485102 

8 

58 

.5145393 

.600069 

1.666474 

.8574668 

2 

58 

.5294258 

.624060 

1.602408 

.8483562 

2 

59 

.5147887 

.600464 

1.665376 

.8573171 

1 

59 

.5296726 

.624465 

1.601370 

.8482022 

1 

00 

.5150381 

.600860, 

1.664279 

.8571673 

0 

60 

.5299193 

.624869 

1.600334 

.8480481 

0 


Cosiiie. 1 

Cotang 

1 

Sine. 

# 

zj 

1 Cosine. 1 

Cotang 

Tang. 1 

^ine. 

3 


59 ® 58 ® 


(k>secant>-i l-t-stne. 


Note.—Secant --l-Hcosine. 
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2.->Naturat Sines, Tangents. Cotangents. Cosines.—(C ontinued.) 

(Versed sine =* 1—cosine; coversed sine — 1—sine.) 

32® 33® 


“7“ 

Sine. 

Tang. 1 Co tang. 1 Cosine. 


1 ' 

Sine. 1 Tang. 

Cotang.t Cosine. 


0 

.5299193 

.624869 

1.600334 

.8480481 

60 

0 

.5446390 

.649407 

1.539865 

.8386706 

60 

1 

.5301659 

.625273 

1.599299 

.8478939 

59 

1 

.5448830 

.649821 

1.538884 

.8385121 

59 

2 

.5304125 

.625678 

1.598264 

.8477397 

58 

2 

.5451269 

.650235 

1.537905 

.a383536 

58 

3 

.5306591 

.626083 

1.597231 

.'8475853 

57 

3 

.5453707 

.650649 

1.536927 

.8381950 

57 

4 

.5309057 

.626488 

1.596198 

.8474309 

56 

4 

.5456145 

.651063 

1.535949 

.8380363 

56 

5 

.5311521 

.626893 

1.595167 

.8472765 

55 

5 

.545c583 

.651477 

1.534972 

.&378775 

55 

C 

.5313986 

.627298 

1.594136 

.8471219 

54 

6 

.5461020 

.651891 

1,533996 

.8377187 

54 

7 

.5316450 

.627704 

1.593107 

.8469673 

53 

7 

.5463456 

.652306 

1.533021 

.8375598 

53 

8 

.5318913 

.628109 

1.592078 

.8468126 

52 

8 

.5465892 

.652721 

1.532047 

.8374009 

52 

9 

.5321376 

.628515 

1.591050 

.8466579 

51 

9 

.5468328 

.653136 

1.531074 

.8372418 

51 

10 

.5323839 

.628921 

1.590023 

.8465030 

50 

10 

.5470763 

.6.53551 

1.530102 

.8370827 

50 

11 

.5326301 

.629327 

1.588997 

.8463481 

49 

11 

.5473198 

.653996 

1.529130 

.8369236 

49 

12 

5328763 

.629733 

1.587973 

.8461932 

48 

12 

.5475632 

.654381 

1.528160 

.8367643 

48 

13 

.5331224 

.630139 

1.586949 

.8460381 

47 

13 

.5478066 

.654797 

1.527190 

.8366050 

47 

14 

.5333685 

.630546 

1.585926 

.8438830 

46 

14 

5480499 

.655212 

1.526221 

.8364456 

46 

15 

.5336145 

.630953 

1.584904 

,8457278 

45 

15 

.5482932 

.655628 

1.525253 

.8362862 

45 

16 

.5338605 

.631359 

1.583883 

.8455726 

44 

16 

.5485365 

.656044 

1.5242% 

8361266 

44 

17 

.5341065 

.631766 

1.582862 

.8454172 

43 

17 

.5487797 

.656460 

1.523320 

.8359670 

43 

IE 

.5343523 

.632173 

1.581843 

.8452618 

42 

18 

.5490228 

.656877 

1.522254 

r. 8358074 

42 

19 

.5345982 

.632581 

1.580825 

.8451064 

41 

19 

.5492659 

.657293 

1 521339 

.8356476 

41 

20 

.5348440 

.632988 

1.579807 

.8449508 

40 

20 

.5495090 

.657710 

1.520426 

.8354878 

40 

21 

.5350898 

.633395 

1.578791 

.8447952 

39 

21 

.5497520 

.658127 

1.519463 

.8353279 

39 

22 

.5353355 

.633803 

1.577776 

.8446395 

38 

22 

.5499950 

.658544 

1 518501 

.8351680 

38 

23 

.5355812 

.634211 

1.676761 

.8444838 

37 

23 

.5502379 

.658961 

1.517540 

.8350080 

37 

24 

.5358268 

.634619 

1.575747 

.8443279 

36 

24 

.5504807 

.659378 

1 516579 

.8348479 

36 

25 

.5360724 

.635027 

1.574735 

.8441720 

35 

25 

.5507236 

.659796 

1.515620 

.8346877 

35 

26 

.5363179 

.635435 

1.573723 

.8440161 

34 

26 

.5509663 

.660213 

1.514661 

.8345275 

34 

27 

.5365634 

.635844 

1.572712 

.8438600 

33 

27 

.5512091 

.660631 

1.513703 

.8343672 

33 

28 

.5368089 

.636252 

1.571702 

.8437039 

32 

28 

.5514518 

.661049 

1 512746 

.8342068 

32 

29 

.5370543 

.636661 

1.570693 

.8435477 

31 

29 

.5516944 

.661467 

1.511790 

.8340463 

31 

30 

.5372996 

.637070 

1.569685 

.8433914 

30 

30 

.5519370 

.661885 

1.510835 

.8338858 

30 

31 

.5375449 

.637479 

1.568678 

.8432351 

29 

31 

.5521795 

.662304 

1.509880 

.8337252 

29 

32 

.5377902 

.637888 

1.567672 

.8430787 

28 

32 

.5524220 

.662722 

1.508927 

.8335646 

28 

33 

.5380354 

.638297 

1.566666 

.8429222 

27 

33 

.5526645 

.663141 

1.507974 

.8334038 

27 

34 

.5382806 

.638707 

1.565662 

,8427657 

26 

34 

.5529069 

.663560 

1.507022 

.8332430 

26 

35 

.5385257 

.639116 

1.564659 

.8426091 

25 

35 

.5531492 

.663979 

1.506071 

.8330822 

25 

36 

.5387708 

.639526 

1.563656 

.8424524 

24 

56 

.5533915 

.664398 

1.505121 

.8329212 

24 

37 

.5390158- 

.639936 

1.562654 

.8422956 

23 

37 

.5536338 

.664817 

1.504171 

.8327602 

23 

38 

.5392608 

.640346 

1.561654 

.8421388 

22 

38 

.5538760 

.665237 

1 503222 

.8325991 

22 

39 

.5395058 

.640756! 

1.560654 

.8419819 

21 

39 

1.5541182 

.665657 

1.502275 

.8324380 

21 

40 

.5397507 

.641167' 

1.559655 

.8418249 

20 

40 

1.5543603 

.666076 

1.50132EI 

.8322768 

20 

41 

.5399955 

.6415771 

1.558657 

.8416679 

19 

41 

.5546024 

.666496 

1.500382 

.8321155 

19 

42 

.5402403 

.641988 

1.557660 

.8415108 

18 

42 

.5548444 

.666917 

1.499436 

.8319541 

18 

43 

.5404851 

.642399 

1.556663 

.8413536 

17 

43 

.5550864 

.667337 

1.498492 

.8317927 

17 

44 

.5407298 

.642810 

1.555668 

.8411963 

16 

44 

1.5553283 

.667758 

1.497548 

.8316312 

16 

45 

.5409745 

.643221 

1.554674 

.8410390 

15 

45 

.5555702 

.668178 

1.496605 

.8314696 

15 

46 

.5412191 

.643632 

1.553680 

.8408816 

14 

46 

.5558121 

.668599 

1.495663 

.8313080 

14 

47 

.5414637 

.644044 

1.552688 

.8407241 

13 

47 

.5560539 

.669020 

1.494722 

.8311463 

13 

48 

.5417082 

.644456 

1.551696 

.8405666 

12 

48 

.5562956 

.669441 

1.493782 

.8309845 

12 

49 

.5419527 

.644867 

1.550705 

.8404090 

11 

49 

.5565373 

.669863 

1.492842 

.8308226 

11 

50 

.5421971 

.645279 

1.549715 

.8402513 

10 

50 

.5567790 

.670284 

1.491903 

.8306607 

10 

51 

.5424415 

.645691 

1.548726 

.8400936 

9 

51 

.5570206 

.670706 

1.490965 

.8304987 

9 

52 

.5426859 

.646104 

1.547738 

.8399357 

8 

53 

.5572621 

.671128 

1.490028 

.8303366 

8 

53 

.5429302 

.646516 

1.546751 

.8397778 

7 

53 

.5575036 

.671550 

1.489092 

.8301745 

7 

54 

.5431744 

.646929 

1.545764 

.8396199 

6 

54 

.5577451 

.671972 

1,488157 

.8300123 

6 

55 

.5434187 

.647341 

1.544779 

.8394618 

5 

55 

.5579865 

.672394 

1.487222 

.8298500 

5 

56 

.5436628 

.647754 

1.543794 

.8393037 

4 

56 

.6582279 

.672816 

1.486288 

.8296877 

4 

57 

.5439069 

.648167 

1.542810 

.8391455 

3 1 

57 

.5584692 

.673239 

1.485355 

.8295252 

3 

58 

.5441510 

.648580 

1.541828 

.8389873 

2 

58 

.5587105 

.673662 

1.484423 

.8293628 

2 

59 

.5443951 

.648994 

1.540846 

.8388290 

1 

59 

.5589517 

.674085 

1.483491 

.8292002 

1 

60 

~ 

.5446390 

.649407 

1.539865 

.8386706 

0 

50 

.5591929 

.674508 

1..482561 

.8290376 

0 


Cosine. ICotaoE) Tana- 1 

Sine. 

' II 1 

Cosine. ICO tang 1 

Tang. 1 

Sine. 

“T* 


67® 66® 


Cosecant — 1 -i-sinc. 


No t e.—Secant — 1 "*• cosine. 
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2. •-Natural Sines, Takgbnts, Cotangents. Cosines. —(Continued.) 

(Versed sine ■" 1 —cosine; coversed sine« 1 —sine.) 

34 ® 35 ^* 


* i Sine, i Tang. lOotang.l Cosine. | \\ ' \ Sine. | Tang, j Cotang.I Cosine, j 


0 

.5591929 

.674508 

1.482561 

.8290376 

60 

0 

.5735764 

.700207 

1.428148 

.8191520 

60 

1 

.5594340 

.674931 

1.481631 

.8288749 

59 

1 

.5738147 

.700641 

1.427264 

.8189852 

59 

2 

.5596751 

.675355 

1.480702 

.8287121 

58 

2 

.5740529 

.701074 

1.426381 

.8188182 

53 

5 

.5599162 

.67 577« 

1.479773 

.8285493 

57 

3 

.5742911 

.70150J 

1.425498 

.8186512 

57 

4 

.5601572 

.676202 

1.478846 

.8283864 

56 

4 

.5745292 

.701943 

1.424617 

.8184841 

56 

5 

.5603981 

.676626 

1.477919 

.8282234 

55 

5 

.5747672 

.702377 

1.423736 

.8183169 

55 

6 

.5606390 

.67705C 

1.476993 

.8280603 

54 

6 

.5750053 

.702811 

1.422856 

.8181497 

54 

7 

.5608798 

.677475 

1.476068 

.8278972 

53 

7 

.5752432 

.703246 

1.421976 

.8179824 

53 

8 

.5611206 

.67789S 

1.475144 

.8277340 

52 

8 

.57548U 

.703681 

1.421097 

.8178151 

52 

9 

.5613614 

.678324 

1.474221 

.8275708 

51 

9 

.5757190 

.704116 

1.42022C 

.8176476 

51 

10 

.5616021 

.67874S 

1.473298 

.8274074 

50 

10 

.5759568 

.704551 

1.41^342 

.8174801 

50 

11 

.5618428 

.679174 

1.472376 

.8272440 

49 

11 

.5761946 

.704986 

1.418466 

.8173125 

49 

12 

.5620834 

.679599 

1.471455 

.*8270806 

48 

12 

.5764323 

.705422 

1.417590 

.8171449 

48 

13 

.5623239 

.680024 

1.470535 

.8269170 

47 

13 

.5766700 

.705856 

1.416715 

.8169772 

47 

14 

.5625645 

.680456 

1.469615 

.8267534 

46 

14 

.5769076 

.706294 

1.415840 

.8168094 

46 

15 

.5628049 

.680875 

1.468696 

.8265897 

45 

15 

.5771452 

.706730 

1.414967 

.8166416 

45 

16 

.5630453 

.681301 

1.467778 

.8264260 

44 

16 

.7773827 

.707166 

1 414094 

.8164736 

44 

17 

.5632857 

.681727 

1.466861 

.8262622 

43 

17 

.5776202 

.707602 

1.413222 

8163056 

43 

18 

.5635260 

.682153 

1.465945 

.8260983 

42 

18 

.5778576 

.708039 

1 412350 

8161376 

42 

19 

.5637663 

.682580 

1.465029 

.8259343 

41 

19 

.5780950 

.708476 

1.411479 

.8159695 

41 

20 

.5640066 

.683006 

1.464114 

.8257703 

40 

20 

.5783323 

.708913 

1.410609 

.8158013 

40 

21 

.5642467 

.683433 

1.463200 

.8256062 

39 

21 

.5785696 

.709350 

1.409740 

.8156330 

39 

22 

.5644869 

.683860 

1.462287 

.8254420 

38 

22 

.5788069 

.709787 

1.408871 

.8154647 

38 

23 

.5647270 

.684287 

1.461374 

.8252778 

37 

23 

.5790440 

.710225 

1.408003 

.8152963 

37 

24 

.5649670 

.684714 

1.460463 

.8251135 

36 

24 

.5792812 

.710663 

1.407136 

.8151278 

36 

25 

.5652070 

.685141 

1;459552 

.8249491 

35 

25 

.6795133 

.711100 

1.406270 

.8149593 

35 

26 

.5654469 

.685569 

1.458642 

.8247847 

34 

26 

.6797553 

.711539 

1 405404 

C147906 

34 

27 

.5656868 

.685996 

1.457732 

.8246202 

33 

27 

.5799923 

.711977 

1.404539 

.8146220 

33 

28 

.5659267 

.686424 

1.456824 

.8244556 

32 

28 

.5802292 

.712415 

1.403674 

.8144532 

32 

29 

.5661665 

.686852 

1.455916 

.8242909 

31 

29 

.5804661 

.712854 

1.402811 

.8142844 

31 

30 

.5664062 

.687281 

1.455009 

.8241262 

30 

30 

.5807030 

.713293 

1.40194e 

.8141155 

30 

81 

.5666459 

.687709 

1.454102 

.8239614 

29 

31 

.5809397 

.713732 

1.401086 

.8139466 

29 

32 

.5668856 

.688137 

1.453197 

.8237965 

28 

32 

.5811765 

.714171 

1.400224 

.8137775 

28 

33 

.5671252 

.688566 

1.452292 

.8236316 

27 

33 

.5814132 

.714610 

1.399363 

.8136084 

27 

34 

.5673648 

.688995 

1.451388 

.8234666 

26 

34 

.5816498 

.715050 

1.398503 

.8134393 

26 

35 

.5676043 

.689424 

1.450485 

.8233015 

25 

35 

.5818864 

.715490 

1.397644 

.8132701 

25 

36 

.5678437 

.689853 

1.449582 

.8231364 

24 

36 

.5821230 

.715929 

1.396785 

.8131008 

24 

87 

.5680832 

.690283 

1.448680 

.8229712 

23 

37 

5823595 

.716369 

1.395927 

.8129314 

23 

38 

.5683225 

.690712 

1.447779 

.8228059 

22 

38 

.5825959 

.716810 

1.395069 

.8127620 

22 

39 

.5685619 

.691142 

1.446879 

.8226405 

21 

39 

.5828323 

717250 

1.394213 

.8125925 

21 

40 

.5688011 

.691572 

1.445980 

.8224751 

20 

40 

.6830687 

.717691 

1.393357 

.8124229 

20 

41 

.5690403 

.692002 

1.445081 

.8223096 

19 

41 

.5833050 

718131 

1.392501 

8122532 

19 

42 

.5692795 

.692432 

1.444183 

.8221440 

18 

42 

1.5835412 

.718572 

1.391647 

.8120835 

18 

43 

5695187 

.692863 

1.443286 

.8219784 

1 17 

43 

1.5837774 

.719014 

1.390793 

8119137 

17 

44 

.5697577 

.693293 

1.442389 

.8218127 

16 

44 

.5840136 

,719455 

1.389940 

8117439 

16 

45 

.5699968 

.693724 

1.441494 

.8216469 

15 

45 

.5842497 

.719897 

1.389087 

.8115740 

15 

46 

.5702357 

.694155 

1.440599 

.8214811 

14 

46 

.5844857 

.720338 

1.388235 

.8114040 

14 

47 

.5704747 

.694586 

1.439704 

.8213152 

13 

47 

.5847217 

.720780 

1.387384 

.8112339 

13 

48 

.5707136 

.695018 

1.438811 

.8211492 

12 

48 

.5849577 

.721222 

1.386534 

.8110638 

12 

49 

.5709524 

.695449 

1.437918 

.8209832 

11 

49 

.5851936 

.721665 

1.385684 

.8108936 

11 

50 

.5711912 

.695881 

1.437026 

.8208170 

10 

50 

.5854294 

.722107 

1.384835 

.8107234 

10 

SI 

.5714299 

.696313 

1.436135 

.8206509 

9 

51 

.5856652 

.722550 

1.383986 

.8105530 

9 

52 

.5716686 

.696745 

1.435245 

.8204846 

8 

52 

.5859010 

.722993 

1.383139 

.8103826 

8 

53 

.5719073 

.697177 

1.434355 

.8203183 

7 

53 

.5861367 

.723436 

1.382292 

.8102122 

7 

54 

.5721459 

.697609 

1.433466 

.8201519 

6 

54 

.5863724 

.723879 

1.381445 

.8100416 

6 

55 

.5723844 

.698042 

1.432578 

.8199854 

5 

55 

.5866080 

.724322 

1.380600 

.8098710 

5 

1$ 

.5726229 

.698474 

1.431690 

.8198189 

4 

56 

.5868435 

.724766 

1.379755 

.8097004 

4 

H 

.5728614 

.698907 

1.430803 .8196523 

3 

67 

.5870790 

.725210 

1.378910 

.8095296 

3 

Ip 

.5730998 

.699340 

1.429917 

8194856 

2 

58 

.5873145 

.725654 

1.378067 

.8093588 

2 


.5733381 

.699774 

1.429032 .8193189 

] 

59 

.5875499 

.726098 

1.377224 

.8091879 

1 


.5735764 

.700207 

1.428148 .8191520 

0 

60 

.6877853 

.726542 

1.376381 

.8090170 

0 

K 


Tan«. I 

Sine. 1 

zi 

^rrrr»i 


"7“ 


55" 


Cosecant 1 -i-idne. 


Note.—Secant «14-cosine. 
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2.-NaturaI Sines, Tanosnts, Cotanobnt 8» Cosmss. — (Contmned.) 

(Versed sine — 1—cosine; coversed etne-- l—sine.) 

W* 37 ® 

* i Sine. I Tang, |Ck)tang.| Cosine, j U M Slne« j Ttog. | Ootaiig.| cbeliie. j 


O .5877853 

1 .5880206 

2 .5882558 
S .5884910 

4 .5887262 

5 .5889613 

6 .5891964 

7 .5894314 

8 .5896663 

9 .5899012 

10 .5901361 

11 .5903709 

12 .5906057 

13 .5908404 

14 .5910750 

15 .5913096 

16 .5915442 

17 .5917787 

18 .5920132 

19 .5922476 
70 .5924819 

21 .5927163 

22 .6929505 

23 .5931847 

24 .5934189 

25 .5936530 

26 .5938871 

27 .5941211 

28 .5943550 

29 .6945889 

30 ..5948228 

31 .5950566 

32 .5952904 

33 .5955241 

34 .6957577 

35 . 5959913 

36 .5962249 

37 .5964584 

38 .5966918 

39 .6969252 

40 .5971586 

41 .5973919 

42 .5976251 

43 .5978583 

44 .5980915 

45 .5983246 

46 .5985577 

47 .5987906 

48 .5990236 

49 .5992565 

50 .5994893 

61 .5997221 

62 .5999549 

63 .6001876 

64 .6004202 
85 .6006528 

66 .6008854 

67 .6011179 

68 .6013503 

69 .6015827 
60 .6018150 


.726542 1. 
.726987 1. 
.727431 1. 
.727876 1. 
.728321 1.: 
.728767 1.: 
.729212 1. 
.729658 1. 
.730104 1. 
.730550 1.: 
.730996 1. 
.731442 1. 
.731889 1. 
.732336 1.: 
.732783 1.; 
.733230 1. 
.733677 1. 
.734125 1.: 
.734573 i; 
.735021 1.: 
.735469 1. 
.735917 1.: 
.736366 1.: 
.736814 1. 
.737263 1. 
.737712 1. 
.738162 1. 
.738611 1. 
.739061 1. 
.739511 1.: 
.739961 1.: 
.740411 1.: 
.740861 1.: 
.741312 1.: 
.741763 1.; 
.742214 1.: 
.742665 1. 
.743117 1. 
.743568 1. 
.744020 1. 
.744472 1. 
.744924 1. 
.745377 1.; 
.745829 1.; 
.746282 1. 
.746735 1.: 
.747188 1.: 
.747642 1.: 
.748095 1.: 
.748549 1.; 
.749003 1.; 
.749457 1.; 
.749911 1.: 
.750366 1.: 
.750821 1.: 
.751276 1.5 
.751731 1.: 
.752186 l.‘i 
.752642 1.: 
.753098 1.1 
.753554 1.1 


I .8090170 
) .8088460 
) .8086749 
) .8085037 
) .8083325 
) .8081612 
I .8079899 
I .8078185 
r .8076470 
I .8074754 
S .8073038 
1 .8071321 
i .8069603 
I .8067885 
) .8066166 
r .8064446 

> .8062726 
S .8061005 

> .8059283 
) .8057560 
} .8055837 
i .8054113 
) .8052389 
i .8050664 
r .8048938 
I .8047211 
) .8045484 
L .8043756 
i .8042028 
I .8040299 
! .8038569 
) .8036838 
) .8035107 
i .8033375 
) .8031642 
) .8029909 
L .8028175 
) .8026440 
S .8024705 
) .8022969 
t .8021232 
r .8019495 
! .8017756 
) .8016018 
i .8014278 
! .8012538 
) .8010797 
) .8009056 
' .8007314 

.8005571 

.8003827 

.8002083 

.8000338 

.7998593 

.7996847 

.7995100 

.7993352 

.7991604 

.7989855 

.7988105 

.7986355 


^ .6018156 
[ .6020473 
i .6022795 
( .6025117 
I .6027439 
i .6029760 
I .6032080 
r .6034400 
i .6036719 
) .6039038 

> .6041356 
I .6043674 
i .6045991 
I .6048308 
I .6050624 
S .6052940 
i .6055255 
r .6057570 
i .6059884 
) .6062198 
» .6064511 
i .6066824 
I .6069136 
t .6071447 
1 .6073758 
; .6076069 
J .6078379 
r .6080689 
I .6082998 
) .6085306 
i .6087614 
i .6089922 
: .6092229 
( .6094535 
[ .6096841 
i .6099147 
i .6101452 
r .6103756 
\ .6106060 
) .6108363 

> .6110666 
i .6112969 
i .6115270 
\ .6117572 
i .6119873 
\ .6122173 
\ .6124473 
' .6126772 
( .6129071 
I .6131369 
» .6133666 

.6135964 
! .6138260 
I .6140556 
; .6142852 
: .6145147 
.6147442 
.6149736 
.6152029 
.6154322 
.6156615 


763564 1.: 
.754010 1. 
.754466 1. 
.754923 1.: 
.755379 1.: 
.755836 1.: 
.756294 1.: 
.766751 1.; 
.757209 1.; 
.757666 1.: 
.758124 1.: 
.758582 1.; 
.759041 1.: 
.759499 1.: 
.759958 1.: 
-.760417 1.; 
.760876 l.i 
.761336 1.; 
.761795 1.1 
.762255 1.: 
.762715 1.: 
.763175 1.: 
.763636 1.; 
.764096 1.; 
.764557 1.: 
.765018 1.: 
.765480 1.; 
.765941 1.: 
.766403 1.; 
.766864 1.; 
.767327 1.: 
.767789 1.: 
.768251 1.: 
.768714 1.: 
.769177 1.; 
.769640 1.: 
.770103 1.1 
.770567 1.1 
.771030 1.: 
.771494 1.! 
.771958 1.: 
.772423 1.! 
.772887 l.l 
.773352 l.J 
.773817 l.J 
.774282 l.J 
.774748 l.J 
.775213 l.J 
.775679 l.J 
.776145 l.J 
.776611 l.J 
.777078 l.J 
.777544 1 .J 
.778011 l.J 
.778478 l.J 
.778946 l.J 
.779413 l.J 
.779881 1.2 
.780349 1.2 
.780817 1.2 
.781285 1.2 


[ .7986850 
! .7984604 
I .7982868 
t .7981100 
.7979347 
i .7977504 
.7975839 
.7974084 
I .7972389 
.7970672 
.7968818 
.7967068 
.7965209 
i .7963540 
.7961780 
1 .7960020 
.7958269 
.7956497 
.7954735 
.7952972 
.7951208 
.7949444 
.7947678 
.7945913 
.7944146 
.7942379 
.7940611 
.7938843 
.7937074 
.7935304 
.7933533 
.7931762 
.7929990 
.7928218 
.7926445 
.7924671 
.7922896 
.7921121 
.7919345 
.7917569 
.7915792 
.7914014 
.7912235 
.7910456 
.7908676 
.7906896 
.7905115 
.7903333 
.7901550 
.7899767. 
.7897983 
.7896198 
.7894413 
.7892627 
.7890841 
.7889054 
.7887266 
.7885477 
.7883688 


I CoBtne. lOot 


i * II I Cosine. lOotspgl Tang. 

S3® 

Cosecant lH>sine. 


Note.—Secant 1 -i- cosine. 




164 HANDBOOK OF APPLIED MATHEMATICS 


2.—Natural Sines, Tangents, Cotangents, Cosines. —(Continued.) 

(Versed sine =» 1—cosine; coversed sinc= l — sinc.> 

38® 39® 


* I Sine, i Tang. I Cotani;.| Co3lne> | H * | Sine. | Tang, j Cotang.| Cosine. I 


1 

0 

.6156615 

.78128.5* 

1.279941 

.7880108 

60 

0 

.6293204 

.809784 

1.234897 

.7771460 

60 

1 

.6158907 

.781754 

1.279174 

.7878316 

59 

1 

.6295464 

.810265 

1.234162 

.7769629 

59 

2 

.6161198 

782222 

1.278407 

.7876.524 

58 

2 

.6297724 

.810747 

1.233429 

.7767797 

58 

3 

.6163489 

.782691 

1.277641 

.7874732 

57 

3 

.6299983 

.811230 

1.232696 

,7765965 

57 

4 

.6165780 

.783161 

1.276876 

.7872939 

56 

4 

.6302242 

.811712 

1.231963 

.7764132 

56 

5 

.6168069 

.783630 

1.276111 

.7871145 

55 

5 

.6304500 

.812195 

1.231231 

.7762298 

55 

6 

.6170359 

.784100 

1.275347 

7869350 

54 

6 

6306758 

.812678 

1.230499 

.7760464 

54 

7 

.6172648 

.784570 

1 274583 

7867.555 * 

53 

7 

.6309015 

.813161 

1.229768 

.7758629 

53 

8 

.6174936 

.785040 

I 273820 

.786.5759 

52 

8 

.6311272 

.813644 

1.229038 

.7756794 

53 

9 

.6177224 

.785510 

1.273057 

.7863963 

51 

9 

.6313528 

.814128 

1.228308 

.7754957 

51 

10 

6179511 

.785980 

1.272295 

.7862165 

50 

10 

.6315784 

.814611 

1.227578 

.7753121 

50 

11 

.6181798 

.786451 

1.271.534 

.7860367 

49 

11 

.6318039 

.815095 

1.226849 

.7751283 

49 

12 

.6184084 

786922 

1.270773 

.7858569 

48 

12 

.6320293 

.815580 

1.226121 

.7749445 

48 

13 

.6186370 

.787393 

I 270013 

.7856770 

47 

13 

.6322547 

.816064 

1.225393 

.7747606 

47 

14 

.6188655 

.787864 

1.269253 

.7854970 

46 

14 

.6324800 

.816549 

1.224665 

.7745767 

46 

15 

.6190939 

.788336 

1.268494 

.7853169 

45 

15 

.6327053 

.817034 

1.223938 

.7743926 

45 

16 

.6193224 

.788808 

1 267735 

.7851368 

44 

16 

.6329306 

.817519 

1.223212 

.7742086 

44 

17! 

.6195507 

.789280 

1.266977 

.7849566 

43 

17 

.6331557 

.818004 

1.222486 

.7740244 

43 

18 

.6197790 

.789752 

1.266219 

.7847764 

42 

18 

.6333809 

.818490 

1.221761 

.7738402 

42 

19 

.6200073 

.790224 

1.265462 

.7845961 

41 

19 

.6336059 

.818975 

1.221036 

.7736659 

41 

20 

.6202355 

.790697 

1.264706 

.7844157 

40 

20 

.6338310 

.819462 

1.220312 

.7734716 

40 

21 

.6204636 

.791170 

1.263950 

.7842352 

39 

21 

.6340559 

.819948 

1.219588 

.7732872 

39 

22 

.6206917 

.791643 

1.263195 

.7840547 

38 

22 

.6342808 

.820435 

1.218865 

.7731027 

38 

23 

.6209198 

.792116 

1.262440 

.7838741 

37 

23 

.6345057 

.820922 

1.218142 

.7729182 

37 

24 

.6211478 

.792590 

1.261686 

.7836935 

36 

24 

.6347305 

.821409 

1.217419 

.7727336 

36 

25 

.6213757 

.793064 

1.260932 

7835127 

35 

25 

.6349553 

.821896 

1.216698 

.7725489 

35 

26 

.6216036 

.793537 

1.260179 

.7833320 

34 

26 

.6351800 

.822384 

1.215976 

.7723642 

34 

27 

.6218314 

.794012 

1.259426 

.7831511 

33 

27 

.6354046 

.822871 

1.215256 

.7721794 

33 

28 

.6220592 

.794486 

1.258674 

.7829702 

32 

28 

.6356292 

.823359 

1.214535 

.7719945 

32 

29 

.6222870 

.794961 

1,257923 

.7827892 

31 

29 

.6358537 

.823847 

1.213816 

.7718096 

31 

30 

.6225146 

.795435 

1.257172 

.7826082 

30 

30 

.6360782 

.824336 

1.213097 

.7716246 

30 

31 

.6227423 

.795911 

1.256421 

.7824270 

29 

31 

.6363026 

.824825 

1.212378 

.7714395 

29 

32 

.6229698 

.796386 

1.255672 

.7822459 

28 

32 

.6365270 

.825314 

1.211660 

.7712544 

28 

33 

.6231974 

.796861 

1.254922 

.7820646 

27 

33 

.6367513 

.825803 

1.210942 

.7710692 

27 

34 

.6234248 

.797337 

1.254174 

.7818833 

26 

34 

.6369756 

.826292 

1.210225 

.7708840 

26 

35 

.6236532 

.797813 

1.253426 

.7817019 

25 

35 

.6371998 

.826782 

1.209508 

.7706986 

25 

36 

.6238796 

.798289 

1.252678 

.7815205 

24 

36 

.6374240 

.827271 

1.208792 

.7705132 

24 

37 

.6241069 

.798765 

1.251931 

.7813390 

23 

37 

.6376481 

.827762 

1.208076 

.7703278 

23 

38 

.6243342 

.799242 

1.251184 

,7811574 

22 

38 

.6378721 

.828252 

1.207361 

.7701423 

22 

39 

6245614 

.799719 

1.250438 

.7809757 

21 

39 

.6380961 

.828742 

1 206646 

.7699567 

21 

40 

.6247885 

.800196 

1.249693 

.7807940 

20 

40 

.6383201 

.829233 

1.205932 

.7697710 

20 

41 

.6250156 

.800673 

1.248948 

.7806123 

19 

41 

.6385440 

.829724 

1.205219 

7695853 

19 

42 

.6252427 

.801151 

1.248204 

.7804304 

; 18 

42 

.6387678 

.830216 

1.204505 

.7693996 

18 

43 

6254696 

.801628 

1.247460 

.7802485 

1 17 

43 

.6389916 

.830707 

1.203793 

.7692137 

17 

44 

.6256966 

.802106 

1.246716 

.7800665 

1 16 

44 

.6392153 

.831199 

1.203081 

.7690278 

16 

45 

.6259235 

.802584 

1.245974 

.7798845 

15 

45 

.6394390 

.831691 

1.202369 

.7688418 

15 

46 

.6261503 

.803063 

1.245232 

.7797024 

14 

46 

.6396626 

.832183 

1.201658 

.7686558 

14 

47 

.6263771 

.803541 

1.244490 

.7795202 

13 

47 

.6398862 

.832675 

1.200947 

.7684697 

13 

48 

.6266038 

.804020 

1 243749 

.7793380 

12 

48 

.6401097 

.833168 

1.200237 

.7682835 

12 

49 

.6268305 

.804499 

1.243008 

.7791557 

11 

49 

.6403332 

.833661 

1 199527 

.7680973 

11 

50 

.6270571 

804979 

1 242268 

.7789733 

10 

50 

.6405566 

834154 

1 198818 

.7679110 

10 

51 

.6272837 

.80.5458 

1 241529 

.7787909 

i 9 

51 

.6407799 

.834648 

1 198109 

.7677246 

9 

52 

6275102 

.805938 

1 240790 

.7786084 

8 

52 

.6410032 

835141 

1 197401 

.7675382 

8 

53 

.6277366 

806418 

1.240051 

7784258 

! 7 

53 

.6412264 

^ 835635 

1.196693 

.7673517 

7 

54 

.6279631 

.806898 

1 239313 

,7782431 

6 

54 

.6414496 

.836129 

1 195986 

.7671652 

6 

55 

.6281894 

.807378 

1.238576 

7780604 

1 5 

55 

.6416728 

.836624 

1.195279 

7669785 

5 

56 

.6284157 

.807859 

1 237839 

.7778777 

1 4 

56 

.6418958 

.837118 

I.194573 

.7667918 

4 

57 

.6286420 

.808.340 

1.237103 

.7776949 

3 

57 

.6421189 

837613 

1.193867 

7666051 

3 

58 

.6288682 

.808821 

1.236367 

1.7775120 

2 

58 

.6423418 

838108 

1.193162 

7664183 

2 

59 

.6290943 

.809302 

1.235631 

.7773290 

1 1 

59 

.6425647 

.838604 

1 192457 

7662314 

1 

60 

.6293204 

809784 

1.234897 

.7771460 

0 

60 

.6427876 

839099 

1.191753 

.7660444 

0 

" 1 Cosine. ICotangl 

Tang. 

8Ine. 1 

' II 1 

Cosine. ICotanRi 

TanR. 1 

Sine. 1 

LI. 


51® 50® 


Note.—Secant -■ 1 + cosine. Cosecant -■ 1 <»*sine 
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2.—Natural Since, Tanobnts. Cotangbkts, Co8XNB8/—(ContmuBd«) 

(Versed sine —1—cosine; coversed sine-^l—nne.) 

41 ® 


I sine. I Tang. | Ootang.t Oostne. \ 


i Sine. I Tang. | Ootang.l Codne. | 


e .6427876 

1 .6430104 

2 .6432332 

3 .6434559 

4 .6436785 

5 .6439011 

6 .6441236 

7 .6443461 

8 .6445685 

9 .6447909 

10 .6450132 

11 .6452355 

12 .6454577 

13 .6456798 

14 .6459019 

15 .6461240 

16 .6463460 

17 .6466679 

18 .6467898 

19 .6470116 

20 .6472334 

21 .6474551 

22 .6476767 

23 .6478984 

24 .6481199 

25 .6483414 

26 .6485628 

27 .6487842 

28 .6490056 

29 .6492268 

30 .6494480 

31 .6496692 

32 .6498903 

33 .6501114 

34 .6503324 

35 .6505533 

36 .6507742 

37 .6509951 

38 .6512158 

39 .6514366 

40 .6516572 

41 .6518778 

42 .6520984 

43 .6523189 

44 .6525394 

45 .6527598 

46 .6529801 

47 .6532004 

48 .6534206 

49 .6536408 

50 .6538609 

51 .6540810 
62 .6543010 
53 .6545209 
64 .6547408 
55 .6549607/ 

66 .6551804 

67 .6554002 

68 .6556198 
59 .6558395 
00 .6560590 


.839099 1.] 
.839695 1.1 
.840091 1.1 
.840587 1.1 
.841084 1.1 
.841581 1.1 
.842078 1.1 
.842575 1.1 
.843073 1.1 
.843570 1.1 
.844068 1.1 
.844567 1.1 
.845065 1.1 
.845564 1.1 
.846063 1.1 
.846562 1.1 
.847062 1.1 
.847561 1.1 
.848061 1.1 
.848561 1.1 
.849062 1.1 
.849563 1.1 
.850064 1.1 
.850565 1.1 
.851066 1.1 
.851568 1.1 
.852070 1.1 
.852572 1.1 
.853075 1.1 
.853577 1.1 
.854080 1.1 
.854583 1.1 
.855087 1.1 
:855591 1.1 
.856095 1.1 
.856599 1.1 
.857103 1.1 
.857608 1.1 
.858113 1.1 
.858618 1.1 
.859124 1.1 
.859629 1.1 
.860135 1.1 
.860641 1.1 
.861148 1.1 
.861655 1.1 
.862162 1.1 
.862669 1.1 
.863176 1.1 
.863684 1.1 
.864192 1.1 
.864700 1.1 
.865209 1.1 
.865718 1.1 
.866227 1.1 
.866736 1.1 
.867246 1.1 
.867755 1.1 
.868265 1.1 
.868776 1.1 
.869286 1.1 


\ .7660444 
) .7658574 
.7656704 
.7654832 
.7652960 
.7651087 
.7649214 
.7647340 
.7645465 
.7643590 
.7641714 
.7639838 
.7637960 
.7636082 
.7634204 
.7632325 
.7630446 
.7628561 
.7626683 
.7624802 
.7622919 
.7621036 
.7619152 
.7617268 
.7615383 
.7613497 
.7611611 
.7609724 
.7607837 
.7605949 
.7604060 
.7602170 
.7600280 
.7698389 
.7596498 
.7594606 
.7592713 
.7590820 
.7588926 
.7587031 
.7585136 
.7583240 
.7581343 
.7579446 
.7577548 
.7575650 
.7573751 
.7571851 
.7569951 
.7568050 
.7566148 
.7564246 
.7562343 
.7560439 
.7558535 
.7556630 
.7554724 
.7562818 
.7550911 
.7549004 
.7547096 


» .6560590 
I .6562786 
i .6564980 
1 .6567174 
\ .6569367 
i .6571560 
\ .6573752 
r .6575944 
) .6578135 
1 .6580326 
I .6582516 
I .6584706 
\ .6586895 
i .6589083 
i .6591271 
i .6593458 
1 .6595645 
^ .6597831 
) .6600017 
1 .6602202 
I .6604386 
I .6606570 
! .6608754 
t .6610936 
k .6613119 
i .6615300 
; .6617482 
' .6619662 
I .6621842 
I .6624022 
) .6626200 
.6628379 
\ .6630557 
t .6632734 
L .6634910 
; .6637087 
i .6639262 
.6641437 
I .6643612 

> .8645785 

> .6647959 
.6650131 

I .6652304 

> .6654475 
i .6656646 
I .6658817 
; .6660987 

.6663156 

.6665325 

.6667493 

.6669661 

.6671828 

.«673994 

.6676160 

.6678326 

.6680490 

.6682655 

.6684818 

.6686981 

.6889144 

.6691306 


.869286 1. 
.869797 1. 
.870308 1. 
.870820 1. 
.871331 1. 
.871843 1. 
.872355 1. 
,872868 1. 
.873380 1.; 
.873893 1. 
.874406 1. 
.874920 1. 
.875433 1. 
.875947 1.: 
.876462 1.: 
.876976 1.: 
.877491 1. 
.878006 1. 
.878521 I. 
.879037 i. 
.879552 1.: 
.880068 1. 
.880585 1. 
.881101 1. 
.881618 1. 
.882135 1. 
.882653 1. 
.883170 1.: 
.883688 1. 
.884206 1. 
.884725 1. 
.885244 1. 
.885763 1. 
.886282 1.; 
.886801 1.; 
.887321 1.; 
.887841 1. 
.888361 1.: 
.888882 1.; 
.889403 1.; 
.889924 1.; 
.890445 1.: 
.890967 1.1 
.891489 1.: 
.892011 1.1 
.892534 1.1 
.893056 1.] 
.893579 1.1 
.894103 1.1 
.894626 1.1 
.8951501.1 
.895674 1.1 
.896199 1.1 
.896723 1.1 
.897248 1.1 
.897773 1.1 
.898299 1.1 
.898825 1.1 
.899351 1.1 
.899877 1.1 
.900404 1.1 


) .7547096 SO 
I .7545187 69 

r .7543278 68 
I .7641368 87 

i .7539487 88 

[ .7537546 55 
[ .7535634 54 

) .7533721 53 

1 .7531808 63 

\ .7529894 51 

: .7527980 SO 
I .7526065 49 

1 .7524149 48 

1 .7522233 47 

1 .7520316 46 

.7518398 45 
1 .7516480 44 

; .7514561 a 
; .7512641 43 

I .7510721 41 

. .7508800 40 
i .7506879 39 

( .7504957 38 

! .7503034 37 

' .7501111 36 

! .7499187 J5 
' .7497262 34 

t .7495337 33 

1 .7493411 83 

.7491484 31 

k .7489557 SO 
; .7487629 39 

) .7485701 28 

\ .7483772 37 

' .7481848 26 

.7479912 35 
.7477981 14 

.7476049 28 

I .7474117 23 

» .7472184 21 

\ .7470251 20 

\ .7468317 19 

; .7466382 18 

I .7464446 17 

.7462510 16 

; .7460574 15 

I .7458636 14 

.7456699 13 

» .7454760 13 

.7452821 11 

I .7450881 10 

.7448941 9 

.7446999 8 

.7445058 7 

.7443115 6 

.7441173 5 

.7439229 4 

.7437285 3 

.7435340 8 

.7433394 1 

.7431448 0 


1 Cosine. iOotangl Tang. I Sine. 


Note.-^-€ecant ■■ 1 >f-oosine. 


I Ml I Cosine. iC?otangi Tang, j Sine. 1 * 
49« 48* 

CoiecBnt-* 1-i-sine. 
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2.*-Nataral Sines, Tangents. Cotangents. Cosines.— (Continued.) 

(Versed sine -■1—cosine; coversed sine—1—sine.) 

42® 43® 


* I Sine. I Tang. 1 Cotang.) Cosine. 1 ll * } Sine, j Tang. |Ootang.| Cosine, j 


0 

.6691306 

.900404 

1.110612 

.7431448 

60 

H 

.6819984 

.932515 

1.072368 

.7313537 

60 

1 

.6693468 

.900930 

1.109963 

.7429502 

59 

1 

.6822111 

.933059 

1.071743 

.7311553 

59 

2 

.6695628 

.901458 

1.109314 

.7427554 

58 

2 

.6824237 

.933603 

1.071118 

.7309568 

58 

3 

.6697789 

.901985 

1.108665 

.7425606 

57 

3 

.6826363 

.934147 

1.070494 

-.7307583 

57 

4 

.6699948 

.902513 

1.108017 

.7423658 

56 

4 

.6828489 

.934692 

1.069870 

.7305597 

56 

S 

.6702108 

.903041 

1.107369 

.7421708 

55 

5 

.6830613 

.935238 

1.069246 

.7303610 

58 

6 

.6704266 

.903569 

1.106721 

.7419758 

54 

6 

.6832738 

.935783 

1.068623 

.7301623 

54 

7 

.6706424 

.904097 

1.106075 

.7417808 

53 

7 

.6834861 

.936329 

1.068000 

.7299635 

53 

8 

.6708582 

.904626 

1.105428 

.7415857 

52 

8 

.6836984 

.936875 

1.067377 

.7297646 

52 

9 

.6710739 

.905155 

1.104782 

.7413905 

51 

9 

.6839107 

.937421 

1.066755 

.7295657 

51 

EE 

.6712895 

.905685 

1.104136 

.7411953 

50 

10 

.6841229 

.937968 

1.066134 

.7293668 

SO 

11 

.6715051 

.906214 

1.103491 

.7410000 

49 

11 

.6843350 

.938515 

1.065512 

.7291677 

49 

12 

.6717206 

.906744 

1.102846 

.7408046 

48 

12 

.6845471 

.939062 

1.064891 

.7289686 

48 

13 

.6719361 

.907274 

1.102201 

.7406092 

47 

13 

.6847591 

.939610 

1.064271 

.7287695 

47 

14 

.6721515 

.907805 

1.101557 

.7404137 

46 

14 

.6849711 

.940157 

1.063651 

.7285703 


15 

.6723668 

.908336 

1.100914 

.7402181 

45 

15 

.6851830 

.940706 

1.063031 

.7283710 


16 

.6725821 

.908867 

1.100270 

.7400225 

44 

16 

.6853948 

.941254 

1.062411 

.7281716 


17 

.6727973 

.909398 

1.099628 

.7398268 

43 

17 

.6856066 

.941803 

1.061792 

.7279722 


18 

.6730125 

.909930 

1.098985 

.7396311 

42 

18 

.6858184 

.942352 

1.061174 

.7277728 


19 

.6732276 

.910461 

1.098343 

.7394353 

41 

19 

.6860300 

.942901 

1.060556 

.7275732 

41 

20 

.6734427 

.910994 

1.097702 

.7392394 

40 

20 

.6862416 

.943451 

1.059938 

.7273736 

40 

21 

.6736577 

.911526 

1.097060 

.7390435 

39 

21 

.6864532 

.944001 

1.059320 

.7271740 

39 

22 

.6738727 

.912059 

1.096420 

.7388475 

38 

22 

.6866647 

.944551 

1.058703 

.7269743 

38 

23 

.6740876 

.912592 

1.095779 

.7386515 

37 

23 

.6868761 

.945102 

1.058086 

.7267745 

37 

24 

.6743024 

.913125 

1.095139 

.7384553 

36 

24 

.6870875 

.945053 

1.057470 

.7265747 

36 

25 

.6745172 

.913659 

1.094500 

.7382592 

35 

25 

.6872988 

.946204 

1.056854 

.7263748 

35 

26 

.6747319 

.914192 

1.093861 

.7330629 

34 

26 

.6875101 

.946755 

1.056238 

.7261748 

34 

27 

.6749466 

.914727 

1.093222 

.7378666 

33 

27 

.6877213 

.947307 

1.055623 

.7259748 

33 

28 

.6751612 

.915261 

1.092584 

.7376703 

32 

28 

.6879325 

.947859 

1.055008 

.7257747 

32 

29 

.6753757 

.915796 

1.091946 

.7374738 

31 

29 

.6881435 

.948411 

1.054394 

.7255746 

31 

30 

.6755902 

.916331 

1.091308 

.7372773 

30 

30 

.6883546 

.948964 

1.053780 

.7253744 

30 

31 

.6758046 

.916866 

1.090671 

.7370808 

29 

31 

.6885655 

.949517 

1.053166 

.7251741 

29 

32 

.6760190 

.917402 

1.090034 

.7368842 

28 

32 

.6887765 

.950070 

1.052553 

.7249738 

28 

33 

.6762333 

.917937 

1.089398 

.7366875 

27 

33 

.6889873 

.950624 

1.051940 

.7247734 

27 

34 

.6764476 

.918474 

1.088762 

.7364908 

26 

34 

.6891981 

.951178 

1.051327 

.7245729 

26 

35 

.6766618 

.919010 

1.088126 

.7362940 

25 

35 

.6894089 

.951732 

1.050715 

.7243724 

25 

36 

.6768760 

,919547 

1.087491 

.7360971 

24 

36 

.6896195 

.952287 

1.050103 

.7241719 

24 

37 

.6770901 

.920084 

1.086857 

.7359002 

23 

37 

.6898302. 

.952842 

1.049492 

.7239712 

23 

38 

.6773041 

.920621 

1.086222 

.7357032 

22 

38 

.6900407 

.953397 

1.048880 

.7237705 

22 

39 

.6775181 

.921159 

1.085588 

.7355061 

21 

39 

.6902512 


1.048270 

.7235698 

21 

40 

.6777320 

.921696 

1.084955 

,7353090 

20 

40 

.6904617 

.954508 

1.047659 

.7233690 


41 

.6779459 

.922235 

1.084322 

.7351118 

19 

41 

.6906721 

.955064 

1.047049 

.7231681 

19 

42 

.6781597 

.922773 

1.083689 

.7349146 

18 

42 

.6908824 


1.046440 

.7229671 

18 

43 

.6783734 

.923312 

1.083057 

.7347173 

17 

43 

.6910927 


1.045831 

.7227661 

17 

44 

.6785871 

.923851 

1.082425 

.7345199 

16 

44 

.6913029 

1.956734 

1.045222 

.7225651 

16 

45 

.6788007 

.924391 

1.081793 

.7343225 

15 

45 

.6915131 

.957291 

1.044613 

.7223640 

EH 

46 

.6790143 

.924930 

1.081162 

.7341250 

14 

46 

.6917232 


1.044005 

.7221628 

14 

47 

.6792278 

.925470 

1.080532 

.7339275 

13 

47 

.6919332 

iRMilurl 

1.043397 

.7219615 

■a 

48 

.6794413 

.926010 

1.079901 

.7337299 

12 

48 

.6921432 

.958965 

1.042790 

.7217602 

In 

49 

.6796547 

.926550 

1.079271 

.7335322 

11 

49 

.6923531 


1.042183 

.7215589 

11 

50 

.6798681 

.927091 

1.078642 

.7333345 

10 

50 

.6925630 


1.041576 

.7213574 

EH 

51 

.6800813 

.927632 

1.078013 

.7331367 

9 

51 

.6927728 

it J 

1.040970 

.7211559 

9 

52 

.6802946 

.928173 

1.077384 

.7329388 

8 

52 

.6929825 

.961201 

1.040364 

.7209544 


53 

.6805078 

.928715 

1.076756 

.7327409 

7 

53 

.6931922 

.961761 

1.039758 

.72107628 

7 

54 

.6807209 

.929257 

1.076128 

.7325429 

6 

54 

.6934018 

.962321 

1.039153 

.7205511 

6 

55 

.6809339 

.929799 

1.075500 

.7323449 

5 

55 

.6936114 


1.038548 

.7203494 

5 

56 

.6811469 

.930342 

1.074873 

.7321467 

4 

56 

.6938209 

.963442 

4.037944 

.7201476 

4 

57 

.6813599 

.930884 

1.074246 

.7319486 

3 

57 

.6940304 


1.037340 

.7199457 

3 

58 

.6815728 

.931428 

1.073620 

.7317503 

2 

58 

.6942398 

.964565 

1.036736 

.7197438 

2 

59 

.6817856 

.931971 

1.072994 

.7315521 

1 

59 

.6944491 

.965126 

1.036133 

.7195418 . 

1 

00 

.6819984 

.932615 

1.072368 

.7313537 

0 

60 

.6946584 

.965688 

1.035530 

.7193398 

0 


Cosine. 1 

Cotan^l Tang:. 

Sine. 

0 


Cosine. 

Cotangri Tangr. 

1 Sine. 1 ' 


47® 40®^ 


Cosecant — l-*>8ina. 


Note.—Secant cosine. 













TRIGONOMETRY 


2 —Natural Sines, Tangents, Cotangents. Cosines. —(Concluded.) 

(Versed sine ■■ 1 cosine; coversed sine1—sine.) 

44* 44® 


* I Sine. \ Tang. |Cotang.| Cosine. I II * I Sine. | Tang. |Ck)taDg.| Coslae. | 


0 

.6946584 

.965688 

1.035530 

.7193398 

60 

30 

.7009093 

.982697 

1.017607 

.7132504 

30 

1 

.6948676 

.966251 

1.034927 

.7191377 

59 

31 

.7011167 

.983269 

1.017015 

.7130465 

29 

2 

.6950767 

.966813 

1.034325 

.7189355 

58 

32 

.7013241 

.983841 

1.016423 

.7128426 

28 

3 

.6952858 

.967376 

1.033723 

.7187333 

57 

33 

.7015314 

.984414 

1.015832 

7126385 

27 

4 

.6954949 

.967939 

1.0331*22 

.7185310 

56 

34 

.7017387 

.984987 

1.015241 

.7124344 

26 

5 

.6957039 

.968503 

1.032520 

.7183287 

55 

35 

.7019459 

.985560 

1 014651 

7122303 

25 

6 

.6959128 

.969067 

1.031919 

.7181263 

54 

36 

..^021531 

.986133 

1 014061 

7120260 

24 

7 

.6961217 

.969631 

1.031319 

.7179238 

53 

37 

.7023601 

.986707 

1 013471 

.7118218 

23 

8 

.6963305 

.970196 

1 030719 

.7177213 

52 

38 

.7025672 

.987282 

1 012881 

.7116174 

22 

9 

.6965392 

.970761 

1.030119 

.7175187 

51 

39 

.7027741 

.987856 

1 012292 

7114130 

21 

10 

.6967479 

.971326 

1.029520 

.7173161 

50 

40 

.7029811 

.988431 

1 011703 

.7112086 

20 

11 

.6969565 

.971891 

1.028921 

.7171134 

49 

41 

.7031879 

.989006 

1 011115 

7110041 

19 

12 

.6971651 

.972457 

1.028322 

.7169106 

48 

42 

7033947 

.989582 

1 010527 

7107995 

18 

13 

.6973736 

.973023 

1.027724 

.7167078 

47 

43 

.7036014 

.990158 

1 009939 

7105948 

17 

14 

.6975821 

.973590 

1.027126 

.7165049 

46 

44 

.7038081 

.990734 

1 009352 

.7103901 

16 

15 

.6977905 

.974156 

1.026528 

.7163019 

45 

45 

7040147 

.994311 

1 008764 

.7101854 

15 

16 

.6979988 

.974724 

1.025931 

.7160989 

44 

46 

.7042213 

.991888 

1 008178 

.7099806 

14 

17 

.6982071 

.975291 

1.025334 

.7158959 

43 

47 

.7044278 

.992465 

1 007r.91 

.7097757 

13 

18 

.6984153 

.975859 

1.024738 

.7156927 

42 

48 

.7046342 

.993042 

1 007005 

7095707 

12 

19 

.6986234 

.976427 

1.024141 

.7154895 

41 

49 

.7048406 

.993620 

i 006420 

.7093657 

11 

20 

.6988315 

.976995 

1.023546 

.7152863 

40 

50 

.7050469 

.994199 

1 005834 

.7091607 

10 

21 

.6990396 

.977564 

1.022950 

.7 1 50830 

39 

51 

.7052532 

.994777 

1 005249 

.7089556 

9 

22 

.6992476 

.978133 

1.022355 

.7148796 

38 

52 

.7054594 

.995356 

1 004665 

7087504 

8 

23 

.6994555 

.978702 

1.021760 

.7146762 

37 

53 

.7056655 

.995935 

1 004080 

.7085451 

7 

24 

.6996633 j 

.979272 

1.021166 

.7144727 

36 

54 

.7058716 

.996515 

1.003496 

.7083398 

6 

25 

.6998711 ' 

.979842 

1.020572 

.7142691 

35 

55 

.7060776 

.997095 

1.002913 

.7081345 

5 

26 

.7000789 

.980412 

1.019978 

.7140655 

34 

56 

.7062835 

.997675 

1.002329 

.7079291 

4 

27 

.7002866 

.980983 

1.019385 

.7138618 

33 

57 

.7064894 

.998256 

1.001746 

.7077236 

3 

28 

.7004042 

.981554 

1.018792 

.7136581 

32 

58 

.7066953 

.998837 

1.001164 

.7075180 

2 

29 

.7007018 

.982125 

1.018199 

.7134543 

31 

59 

.7069011 

.999418 

1 000581 

.7073124 

1 

30 

.7009093 

.982697 

1.017607 

.7132504 

30 

60 

.7071068 

1.00000 

1.000000 

.7071068 

0 

1 Cosine. 

Cotangl Tang. 

Stne. 

1 ' 1 

II 

I Cosine. 

1 Cotangl Tang. 

1 Sine. 1 » 


Note,—^Secant • 1 cosine. 


45® 

Cosecant — I'^-siae. 


41 * 



TABLE 3 

Table of Logarithmic Sines 

3.-->Loj|arithiniG Sines, Tangent^* Cotangents, Cosines. 
(Secants, Cosecants.)'* 

0 ®^ 1 ® 


* 1 Sine. I Tang, i Cotang. | Cosine. I MM Sine, j Tang. | Cotang. {Cosine. I 


0 

Inf. 

Neg. 

Inf. 

Ncg. 

Infinite. 

10.00000 

60 

0 

8.24186 

8.24192 1 

11.75808 1 

9.99993 1 

60 

1 

6.46373 

6.46373 

13.53627 

.00000 

59 

1 

.24903 

.24910 1 

.75090 

.99993 

66 

2 

.76476 

.76476 

.23524 

.00000 

59 

2 

..25609 

.25616 

.74384 ' 

.99993 1 

68 

3 

6.94085 

6.94085 

13.05915 

.00000 

67 

3 

.26304 

.26312 

73688 

.99993 

67 

4 

7.06579 

7.06579 

12.93421 

.00000 

56 

4 

.26988 

.26996 

.73004 

.99992 

56 

5 

7.16270 

7.16270 

12.83730 

10.00000 

55 

5 

8.27661 

8.27669 

11.72331 

9.99992 

55 


.24188 

24188 

.75812 

.00000 

54 

6 

.28324 

.28332 

.71668 

.99992 

54 

V 

.30882 

30882 

69118 

.00000 

53 

7| 

.28977 

..28986 

.71014 

.99992 

63 

8' 

.36682 

.36682 

.63318 

.00000 

52 

8' 

.29621 

.29629 

.70371 

.99992 

52 

9 

.41797 

.41797 

.58203 

.00000 

51 

9 

.30255 

.30263 

.69737 

.99991 

51 

10 

7.46373 

7.46373 

12.53627 

10.00000 

50 

10 

8.30879 

8.30888 

11.69112 

9.69991 

50 

11 

.50512 

.50512 

.49488 

.00000 

49 

11 

.31495 

.31505 

.68495 

.99991 

49 

12 

54291 

.54291 

.45709 

00000 

48 

12 

.32103 

.32112 

.67888 

.99990 

48 

13 

.57767 

.57767 

.42233 

.00000 

1 ^7 

13 

.32702 

.32711 

.67289 

.99990 

47 

14 

.60985 

.60986 

. ..39014 

.00000 

! 46 

14 

.33292 

.33302 

.66698 

.99990 

46 

IS 

7.63982 

7.63982 

12.36018 

10.00000 

45 

15 

8.33875 

8.33886 

11.66114 

9.99990 

45 

16 

.66784 

.66785 

1 .33215 

10.00000 

44 

16 

.34450 

.34461 

.65539 

.99989 

44 

17 

.69417 

.69418 

! .30582 

9.99999 

43 

17 

; .35018 

.35029 

.64971 

.99989 

43 

18 

•71900 

.71900 

.28100 

.99999 

42 

18 

.35578 

.35590 

.64410 

.99989 

42 

19 

.74248 

.74248 

.25752 

.99999 

41 

19 

.36131 

.36143 

.63857 

.99989 

41 

30 

7-.76475 

7.76476 

12.23524 

9.99999 

40 

20 

8.36678 

8.36689 

11.63311 

9.99988 

40 

21 

.78594 

.78595 

.21405 

.99999 

39 

21 

.37217 

.37229 

.62771 

.99988 

36 

22 

.80615 

.80615 

.19385 

.99999 

38 

22 

.37750 

.37762 

.62238 

.99988 

38 

23 

.82545 

.82546 

.17454 

.99999 

37 

23 

.38276 

.38289 

.61711 

.99987 

37 

24 

.84393 

.84394 

.15606 

.99999 

36 

24 

.38796 

.38809 

.61191 

.99987 

36 

25 

7.86166 

7.86167 

12.13833 

9,99999 

SS 

25 

8.39210 

8.39323 

11.60677 

9.99987 

35 

26 

.87870 

.87871 

.12129 

.99999 

34 

26 

.39818 

.39832 

.60168 

.99986 

34 

27 

.89509 

.89510 

.10490 

.99999 

33 

27 

.40320 

.40334 

.59666 

.99986 

33 

28 

.91088 

.91089 

.08911 

.99999 

32 

28 

.40816 

.40830 

.59170 

.99986 

32 

29 

.92612 

.92613 

.07387 

.99998 

31 

29 

.41307 

.41321 

! .58679 

.99985 

31 

30 

7.94084 

7.94086 

12.05914 

9.99998 

50 

30 

8.41792 

8.41807 

11.58193 

9.99985 

30 

31 

.95508 

.95510 

.04490 

.99993 

29 

31 

.42272 

.42287 

.57713 

.99985 

29 

32 

.96887 

.96889 

.03111 

.99998 

28 

32 

.42746 

.42762 

.57238 

.99984 

28 

33 

.98223 

.98225 

.01775 

.99998 

27 

33 

.43216 

.43232 

.56768 

.99984 

27 

34 

7.99520 

7.99522 

12.00478 

.99998 

26 

34 

.43680 

.43696 

.56304 

.99984 

26 

35 

8.00779 

8.00781 

11.99219 

9.99998 

25 

35 

8.44139 

8.44156 

11.55844 

9.99983 

25 

36 

.02002 

.02004 

.97996 

.99998 

24 

36 

.44594 

.44611 

.65389 

.99983 

24 

37 

.03192 

.03194 

.96806 

.99997 

23 

37 

.45044 

.45061 

.54939 

.99983 

23 

38 

.04350 

.04353 

.95647 

.99997 

22 

38 

.45489 

.45507 

.54493 

.99982 

22 

39 

.05478 

.05481 

.94519 

.99997 

21 

39 

.45930 

.45948 

.54052 

.99982 

21 

40 

8.06578 

8.06581 

11.93419 

9.99997 

20 

40 

8.46366 

8.46385 

11.53615 

9.99982 

20 

llj 

.07650 

.07653 

.92347 

9C997 

19 

41 

.46799 

.46817 

.53183 

.99981 

19 

421 

.08696 

.08700 

.91300 

.99997 

18 

42 

.47226 

.47245 

.52755 

.99981 

18 

43 

.09718 

.09722 

.90278 

.99997 

17 

43 

.47650 

.47669 

.52331 

.99981 

17 

44 

.10717 

.10720 

.89280 

.99996 

16 

44 

.48069 

.48089 

.51911 

.99980 

16 

45 

8.11693 

8.11696 

11.88304 

9.99996 

15 

45 

8.48485 

8.48505 

11.51495 

9.99980 

15 

46 

.12647. 

.12651 

.87349 

.99996 

14 

46 

.48896 

.48917 

.51083 

.99979 

14 

47 

.13581 

.13585 

.86415 

.99996 

13 

46 

.49304 

.49325 

.50675 

.99979 

13 

48 

.14495 

.14500 

.85500 

.99996 

12 

48 

.49708 

.49729 

.50271 

.99979 

12 

49 

.15391 

.15395 

.84605 

.99996 

11 

49 

.50108 

.60130 

.49870 

.99978 

11 

50 

8.16268 

8.16273 

11.83727 

9.99995 

10 

50 

8.50504 

8.50527 

11.49473 

9.99978 

10 

51 

.17128 

.17133 

.82867 

.99995 

9 

51 

.50897 

.50920 

.49080 

.99977 

9 

52 

.17971 

.17976 

82024 

.99995 

8 

52 

.51287 

.51310 

.48690 

.99977 

8 

53 

.18798 

.18804 

.81196 

.99995 

7 

53 

.51673 

.51696 

.48304 

.99977 

7 

54 

.19610 

.19616 

80384 

.99995 

6 

54 

.52055 

.62079 

.47921 

.99976 

6 

55 

8.20407 

8.20413 

11.79587 

9.99994 

5 

55 

8.52434 

8.52459 

11.47541 

9.99976 

5 

56 

.21189 

.21195 

.78805 

.99994 

4 

66 

.52810 

.52835 

.47165 

.99975 

4 

57 

.21958 

.21964 

.78036 

.99994 

3 

57 

.53183 

.53208 

.46792 

.99975 

3 

58 

.22713 

.22720 

.77280 

.99994 

2 

58 

.53552 

.5357S 

.46422 

.99974 

2 

59 

.23456 

.23462 

76538 

.99994 

1 

59 

.53919 

.53945 

.46055 

.99974 

1 

00 

8.24186 

8.24192 

11.75808 

9.99993 

0 

60 

8.54282 

8.54308 

11.45692 

9.09974 

0 




Sine. 

1 " 11 

1 Cosine. 

1 Cotang 

.1 Tang. 


m 


_ 


♦Lofif seoant —colog cosine—1—log cosine; log cosecant—colog sine* 
1—log sine. 

£*.—Log sec 0®- 3Q:- 10.00002. Log cosec 0®- 30'- 12.05916. 
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3.^Los<>rttlifiiic Sines* Ta.kobkts, Cotangbnts* Cosines. 
(Secants, Co8BCANTs.)*-^(Cont*d.) 

^ _ 3 ®_ 


# 

Sine. 

Tang. 

Cotang. 1 Co8lne.| || j Sine. 

Tang. 1 Cotang. {Cosine. 


0 

8.54282 

8.54308 

11.45692 

9.99974 

60 

0 

8.71880 

8.71940 

11.28060 

9.99940 

BO 

1 

.54642 

.54669 

.45331 

.99973 

59 

1 

.72120 

.72181 

.27819 

.99940 

59 

2 

.54999 

.55027 

.44973 

.99973 

58 

2 

.72359 

.72420 

.27580 

.99939 

58 

3 

.55354 

.55382 

.44618 

.99972 

67 

3 

.72597 

.72659 

.27341 

.99938 

57 

4 

.55705 

.55734 

.44266 

.99972 

56 

4 

.72834 

.72896 

.27104 

.99938 

56 

5 

8.56054 

8.56083 

11.43917 

9.99971 

55 

5 

8.73069 

8.73133 

11.26863 

9.99937 

5S 

6 

.56400 

.56429 

.435tl 

:99971 

54 

6 

.73303 

.73366 

.26634 

.99936 

54 

7 

.56743 

.56773 

.43227 

.99970 

53 

7 

73535 

.73600 

.26400 

.99936 

53 

8 

.57084 

.57114 

.42886 

.99970 

52 

8 

i 73767 

.73832 

.26168 

.99935 

52 

9 

.57421 

.57452 

.42548 

.99969 

51 

9 

.73997 

.71063 

.25937 

.99934 

51 

10 

8.57757 

8.57788 

11.42212 

9.99969 

50 

10 

8.74226 

8.74292 

11.25708 

9.99934 

50 

11 

.58089 

.58121 

.41879 

.99968 

40 

11 

.74454 

.74521 

.25479 

.99933 

49 

12 

.58419 

.58451 

.41549 

.99968 

48 

12 

.74680 

.74748 

.25252 

.99932 

48 

13 

.58747 

.58779 

.41221 

.99967 

47 

13 

.74906 

.74974 

.25026 

.99932 

47 

14 

.59072 

.59105 

.40895 

.99967 

46 

14 

.75130 

.75199 

.24801 

.99931 

46 

15 

8.59395 

8.59428 

11.40572 

9.99967 

45 

15 

8.75353 

8.75423 

11.24577 

9.99930 

45 

16 

.59715 

.59749 

.40251 

.99966 

44 

16 

.75575 

.75645 

.24355 

.99929 

44 

17 

.60033 

.60068 

.39932 

.99966 

43 

17 

.75795 

.75867 

.24133 

.99928 

43 

18 

.60349 

.60384 

.39616 

.99965 

42 

18 

.76015 

.76087 

.23913 

.99928 

42 

19 

.60662 

.60698 

.39302 

.99964 

41 

19 

.76234 

.76306 

.23694 

.99927 

41 

20 

8.60973 

8.61009 

11.38991 

9.99964 

40 

30 

8.76451 

8.76525 

11.23475 

9.99926 

40 

21 

.61282 

.61319 

.38681 

.99963 

39 

21 

.76667 

.76742 

.23258 

.99926 

39 

22 

.61589 

.61626 

.38374 

^99963 

38 

22 

.76883 

.76958 

.23042 

.99925 

38 

23 

.61894 

.61931 

.38069 

.99962 

37 

23 

.77097 

.77173 

.22827 

.99924 

37 

24 

.62196 

.62234 

.37766 

.99962 

36 

24 

.77310 

.77387 

.22613 

.99923 

36 

25 

8.62497 

8.62535 

11.37465 

9.99961 

35 

35 

8.77522 

8.77600 

11.22400 

9.99923 

35 

26 

.62795 

.62834 

.37166 

.99961 

34 

26 

.77733 

.77811 

.22189 

.99922 

34 

27 

.63091 

.63131 

.36869 

.99960 

33 

27 

.77943 

.78022 

.21978 

.99921 

33 

28 

.63385 ■ 

.63426 

.36574 

.99960 

32 

28 

.78152 

.78233 

.21768 

.99920 

32 

29 

.63678 

.63718 

.36282 

.99959 

31 

29 

.78360 

.78441 

.21559 

.99920 

31 

30 

8.63968 

8.64009 

11.35991 

9.99959 

30 

30 

8.78568 

8.78649 

11.21351 

9.99919 

30 

31 

.64256 

.64298 

.35702 

.99958 

29 

31 

.78774 

.78855 

.21145 

.99918 

29 

32 

.64543 

.64585 

.35415 

.99958 

28 

32 

.78979 

.79061 

.20939 

.99917 

28 

33 

.64827. 

.64870 

.35130 

.99957 

27 

33 

.79183 

.79266 

.20734 

.99917 

27 

34 

.65110 

.65154 

.34846 

.99956 

26 

34 

.79386 

.79470 

.20530 

.99916 

26 

35 

8.65391 

8.65435 

11.34565 

9.99956 

35 

35 

8.79588 

8.79673 

11.20327 

9.99915 

25 

36 

.65670 

.65715 

.34285 

.99955 

24 

36 

.79789 

.79875 

.20125 

.99914 

24 

37 

.65947 

.65993 

.34007 

.99955 

23 

37 

.79990 

.80076 

.19924 

.99913 

23 

38 

.66223 

.66269 

.33731 

.99954 

22 

38 

.80189 

.80277 

.19723 

.99913 

22 

39 

.66497 

.66543 

.33457 

.99954 

21 

39 

.80388 

.80476 

.19524 

.99912 

21 

40 

8.66769 

8.66816 

11.33184 

9.99953 

30 

40 

8.80585 

8.80674 

11.19326 

9.99911 

20 

41 

.67039 

.67087 

.32913 

.99952 

19 

41 

.80782 

.80872 

.19128 

.99910 

19 

42 

.67308 

.67356 

.32644 

.99952 

18 

42 

.80978 

.81068 

.18932 

.99909 

18 

43 

.67575 

.67624 

.32376 

^9951 

17 

43 

.81173 

.81264 

.18736 

.99909 

17 

44 

.67841 

.67890 

.32110 

.99951 

16 

44 

.81367 

.81459 

.18541 

.99908 

16 

45 

8.68104 

8.68154 

11.31846 

9.99950 

15 

45 

8.81560 

8.81653 

11.18347 

9.99907 

15 

46 

.68367 

.68417 

.31583 

.99949 

14 

46 

.81752 

.81846 

! .18154 

.99906 

14 

47 

.68627 

.68678 

.31322 

.99949 

13 

47 

.81944 

.82038 

.17962 

I 99905 

13 

48 

.68886 

.68938 

.31062 

.99948 

12 

48 

.82134 

.82230 

! .17770 

.99904 

12 

49 

.69144 

.69196 

.30804 

.99948 

11 

49 

.82324 

.82420 

.17580 

.99904 

11 

BO 

8.69400 

8.69453 

11.30547 

9.99947 

10 

50 

8.82513 

8.82610 

11.17390 

9.99903 

10 

51 

.69654 

.69708 

.30292 

.99946 

9 

51 

.82701 

.82799 

17201 

.99902 

9 

52 

.69907 

.69962 

.30038 

.99946 

8 

52 

.82888 

.82987 

.17013 

.99901 

8 

53 

70159 

.70214 

.29786 

.99945 

7 

53 

.83075 

.83176 

.16825 

.99900 

7 

54 

.70409 

.70465 

.29535 

.99944 

6 

54 

.83261 

.83361 

.16639 

99899 

6 

55 

8.70658 

8.70714 

11.29286 

9.99944 

5 

55 

8.83446 

8.83547 

11.16453 

9.99898 

5 

5t6 

.70905 j 

.70962 

.29038 

.99943 

4 

56 

.83630 

.83732 

.16268 

.99898 

4 

67 

.71151 

.71208 

.28792 

.99942 

3 

57 

.83813 

.83916 

.16084 

.99897 

3 

58 

.71395 1 

.71453 

.28547 

.99942 

2 

58 

.83996 

.84100 

15900 

.99896 

2 

59 

.71638 

.71697 

.28303 

.99941 

1 

59 

.84177 

.84282 

.15718 

.99895 

1 

00 

8.71880 

8.71940 

11.28060 

9.99940 

0 

60 

8.84358 

8.84464 

11.15538 

9.99894 

0 

i 

Cosine. 

Cotang. 

Tang. 

Sine. 

' 11 {Cosine. 

1 Cotang. 

Tang. 

Sine. 





*Log secantcolog cosine-■ 1 — log cosine; log cosecantcolog sine^ 
t—log sine. 

Ex .—Log sec 2®- SCK"* 10.00041 Ex .—log cosec 2®- SO' —11.30032. 
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;S, —Logarithmic Sines, Tangents, Cotangents, Cosines.— (Cont*d.) 
(Secants, Cosecants.)* 


4®_61 


Sine. I Tang. | Cotang. | Cosine, j li M Sine, j Tang. | Cotang. | Cosine, t 


0 

8.84358 

8.84464 

11.15536 

9.99894 

60 

0 

8.94030 

8.94195 

11.05805 

9.99834 

60 

1 

.84539 

.84646 

.15354 

.99893 

59 

1 

.94174 

.94340 

.05660 

.99833 

59 

2 

.84718 

.84826 

.15174 

,99892 

58 

2 

.94317 

.94485 

.05515 

.99832 

58 

3 

.84897 

.85006 

.14994 

.99891 

67 

3 

.94461 

.94630 

.05370 

.99831 

57 

4 

.85075 

.85185 

.14815 

.99891 

56 

4 

.94603 

.94773 

.05227 

.99830 

56 

8 

8.85252 

8.85363 

11.14637 

9.99890 

55 

5 

8.94746 

8.94917 

11.05083- 

9.99829 

55 

6 

.85429 

.85540 

.14460 

.99889 

54 

6 

.94887 

.95060 

.04940 

.99828 

54 

7 

.85605 

.85717 

.14283 

.99888 

53 

7 

.95029 

.95202 

.04798 

.99827 

53 

8 

.85780 

.85893 

.14107 

.99887 

52 

8 

.95170 

.95344 

.04656 

.99825 

52 

9 

.85955 

.86069 

.13931 

.99886 

51 

9 

.95310 

.95486 

.04514 

.99824 

51 

10 

8.86128 

8.86243 

11.13757 

9.99885 

50 

10 

8.95450 

8.95627 

11.04373 

9.99823 

50 

11 

.86301 

.86417 

.13583 

.99884 

49 

11 

.95589 

.95767 

.04233 

.99822 

49 

12 

.86474 

.86591 

.13409 

.99883 

48 

12 

.95728 

.95908 

.04092 

.99821 

48 

13 

.86645 

.86763 

.13237 

.99882 

47 

13 

.95867 

.96047 

.03953 

.99820 

47 

14 

.86816 

.86935 

.13065 

.99881 

46 

14 

.96005 

.96187 

.03813 

.99819 

46 

15 

8.86987 

8.87106 

11.12894 

9.99880 

45 

15 

8.96143 

8.96325 

11.03675 

9.99817 

45 

16 

.87156 

.87277 

.12723 

.99879 

44 

16 

.96280 

.96464 

.03536 

.99816 

44 

17 

.87325 

.87447 

.12553 

.99879 

43 

17 

.96417 

.96602 

.03398 

.99815 

43 

18 

.87494 

.87616 

.12384 

.99878 

42 

18 

.96553 

.96739 

.03261 

.99814 

42 

19 

.87661 

.87785 

.12215 

.99877 

41 

19 

.96689 

.96877 

.03123 

.99813 

41 

20 

8.87829 

8.87953 

11.12047 

9.99876 

40 

20 

8.96825 

8.97013 

11.02987 

9.99812 

40 

21 

.87995 

.88120 

.11880 

.99875 

39 

21 

.96960 

.97150 

.02850 

.99810 

39 

22 

.88161 

.88287 

.11713 

.99874 

38 

22 

.97095 

.97285 

.02715 

.99809 

38 

23 

.88326 

.88453 

.11547 

.99873 

37 

23 

.97229 

.97421 

.02579 

.99808 

37 

24 

.88490 

.88618 

.11382 

.99872 

36 

24 

.97363 

.97556 

.02444 

.99807 

36 

35 

8.88654 

8.88783 

11.11217 

9.99871 

35 

25 

8.97496 

8.97691 

11.02309 

9.99806 

35 

26 

.88817 

.88948 

.11052 

.99870 

34 

26 

.97629 

.97825 

.02175 

.99804 

34 

27 

.88980 

.89111 

.10889 

.99869 

33 

27 

.97762 

.97959 

.02041 

.99803 

33 

28 

.89142 

.89274 

.10726 

.99868 

32 

28 

.97894 

.98092 

.01908 

.99802 

32 

29 

.89304 

.89437 

.10563 

.99867 

31 

29 

.98026 

.98225 

.01775 

.99801 

31 

30 

8.89464 

8.89598 

11.10402 

9.99866 

30 

30 

8.98157 

8.98358 

11.01642 

9.99800 

30 

31 

.89625 

.89760 

.10240 

.99865 

29 

31 

.98288 

.98490 

.01510 

.99798 

29 

32 

.89784 

.89920 

.10080 

.99864 ! 

28 

32 

.98419 

.98622 

.01378 

.99797 

28 

33 

.89943 

.90080 

.09920 

.99863 

27 

33 

.98549 

.98753 

.01247 

.09796 

27 

34 

.90102 

.90240 

.09760 

.99862 

26 

34 

.98679 

.98884 

.01116 

.99795 

26 

35 

8.90260 

8.90399 

U. 09601 

9.99861 

25 

35 

8.98808 

8.99015 

11.00985 

9.99793 

25 

36 

.90417 

.90557 

.09443 

.99860 

24 

36 

.98937 

..99145 

.00865 

.99792 

24 

37 

.90574 

.90715 

.09285 

.99859 

23 

37 

.99066 

.99275 

.00725 

.99791 

23 

38 

.90730 

.90872 

,09128 

.99858 

22 

38 

.99194 

.99405 

.00595 

.99790 

22 

39 

.90885 

.91029 

.08971 

.99857 

21 

39 

.99322 

.99534 

.00466 

.99788 

21 

40 

8.91040 

8.91185 

11.08815 

9.99856 

20 

40 

8.99450 

8.99662 

11.00338 

9.99787 

20 

41 

.91195 

.91340 

.08660 

.99855 

19 

41 

.99577 

.99791 

.00209 

.99786 

19 

42 

.91349 

.91495 

.08505 

.99854 

18 

42 

.99704 

8.99919 

11.00081 

.99785 

18 

43 

.91502 

.91650 

.08350 

.99853 

17 

43 

.99830 

9.00046 

10.99954 

.99783 

17 

44 

.91655 

.91803 

.08197 

.99852 

16 

44 

8.99956 

.00174 

.99826 

.99782 

16 

45 

8.91807 

8.91957 

11.08043 

9.99851 

15 

45 

9.00082 

9.00301 

10.99699 

9.99781 

IS 

46 

.91959 

.92110 

.07890 

.99850 

14 

46 

.00207 

.00427 

.99573 

.99780 

14 

47 

.92110 

.92262 

.07738 

.99848 

13 

47 

,00332 

.00553 

.99447 

.99778 

13 

48 

.92261 

.92414 

.07586 

.99847 

12 

48 

.00456 

.00679 

.99321 

.99777 

12 

49 

.92411 

.92565 

.07435 

.99846 

11 

49 

.00581 

.00805 

.99195 

.99776 

11 

50 

8.92561 

8.92716 

11.07284 

9.99845 

10 

50 

9.00704 

9.00930 

10.99070 

9.99775 

10 

51 

.92710 

.92866 

.07134 

.99844 

9 

51 

.00828 

.01055 

.98945 

.99773 

9 

52 

.92859 

.93016 

.06984 

.99843 

8 

52 

.00951 

.01179 

.98821 

.99772 

8 

53 

.93007 

.93165 

.06835 

.99842 

7 

53 

.01074 

.01303 

.98697 

.99771 

7 

54 

.93154 

.93313 

.06687 

.99841 

6 

54 

.01196 

.01427 

.98573 

.99769 

6 

55 

8.93301 

8.93462 

11.06538 

9,99840 

5 

55 

9.01318 

9.01550 

10.98450 

9.99768 

5 

56 

.93448 

.93609 

.06391 

.99839 

4 

56 

..01440 

.01673 

.98327 

.99767 

4 

57 

.93594 

.93756 

.06244 

.99838 

3 

67 

.01561 

.01796 

.98204 

.99765 

3 

58 

.93740 

.93903 

.06097 

.99837 

2 

58 

.01682 

.01918 

.98082 

.99764 

2 

59 

.93885 

.94049 

.05951 i 

.99836 

1 

59 

.01803 

.02040 

.97960 

.99763 

1 

00 

3.94030 

8.94195 

11.05805 

9.99834 

0 

60 

9.01923 

9.02162 

10.97838 

9.99761 

0 


Cosine. 

Cotang.t 

Tang. 1 

Sine. 

/ 

i 1 Cosine. 

Cotang. 

Tang. 

Sine. 

— 


— gp 


. *Lqg secanto-colog cosinelog cosine; log cosecant>-*coiog sine«> 
t—log sine. 

JEar.—Log sec 4®- 3(y -10.00184- Ex.-^^Log cosec 4®- 8(K-11.10636. 
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S. -^Logarithmic Sines, Tangents. Cotangents. Cosines. —(Cont’d.) 
(Secants, Cosecants.)* 

6^_7®_ 


I Sine. I Tang. 1 Cotang. | Cosine, j H M Sine, j Tang, j Cotang. | CoBine.| 


0 

9.01923 

9.02162 

10.97838 

9.99761 

60 

0 

9.08589 

9.08914 

10.91086 

9.99675 

60 

1 

.02043 

.02283 

.97717 

.99760 

69 

1 

.08693 

.09019 

.90981 

.99674 

59 

2 

.02163 

.02404 

.97596 

.99759 

58 

2 

.08795 

.09123 

.90877 

.99672 

58 

3 

.02283 

.02525 

.97475 

.99757 

67 

3 

.08897 

.09227 

.90773 

.99670 

57 

4 

.02402 

.02645 

.97355 

.99756 

56 

4 

.08999 

.09330 

.90670 

.99669 

56 

5 

9.02520 

9.02766 

10.97234 

9.99755 

55 

5 

9.09101 

9.09434 

10.90566 

9.99667 

5S 

6 

.02639 

.02885 

.97115 

.99753 

54 

6 

.09202 

.09537 

.90463 

.99666 

54 

7 

.02757 

.03005 

.96995 

.99752 

53 

7 

.09304 

.09640 

.90360 

.99664 

53 

fi 

.02874 

.03124 

.96876 

.99751 

52 

8 

.09405 

.09742 

.90258 

.99663 

52 

9 

.02992 

.03242 

.96758 

.99749 

61 

9 

.09506 

.09845 

.90155 

.99661 

51 

10 

9.03109 

9.03361 

10.96639 

9.99748 

50 

10 

9.09606 

9.09947 

10.90053 

9.99659 

50 

11 

.03226 

.03479 

.96521 

.99747 

49 

11 

.09707 

.10049 

.89951 

.99658 

49 

12 

.03342 

.03597 

.96403 

.99745 

48 

12 

.09807 

.10150 

.89850 

.99656 

48 

13 

.,03458 

.03714 

.96286 

.99744 

47 

13 

.09907 

.10252 

.89748 

.99655 

47 

14 

.03574 

.03832 

.96168 

.99742 

46 

14 

.i0006 

.10353 

.89647 

.99653 

46 

15 

9.03690 

9.08948 

10.96052 

9.99741 

45 

15 

9.10106 

9.10454 

10.89546 

9.99651 

45 

16 

.03805 

.04065 

95935 

.99740 

44 

16 

.10205 

.10555 

.89445 

.99650 

44 

17 

.03920 

.04181 

.95819 

.99738 

43 

17 

.10304 

.10656 

.89344 

.99648 

43 

18 

.04034 

.04297 

.95703 

.99737 

42 

18 

.10402 

.10756 

.89244 

.99647 

42 

19 

.04149 

.04413 

.95587 

.99736 

41 

19 

.10501 

.10856 

.89144 

.99845 

41 

20 

9.04262 

9.04528 

10.95472 

9.99734 

40 

20 

9.10699 

9.10956 

iO.89044 

9.99643 

40 

21 

.04376 

.04643 

.95357 

.99733 

39 

21 

.10697 

.11056 

.88944 

.99642 

39 

22 

.04490 

.04758 

.95242 

.99731 

38 

22 

.10795 

.11155 

.88845 

.99640 

38 

23 

.04603 

.04873 

.95127 

.99730 

37 

23 

.10893 

.11254 

.88746 

.99638 

37 

24 

.04716 

.04987 

.95013 

.99728 

36 

24 

.10990 

.11353 

.88647 

.99637 

36 

25 

9.04828 

9.05101 

10.94899 

9.99727 

35 

25 

9.11087 

9.11452 

10.88548 

9.99635 

35 

26 

.04940 

.05214 

.94786 

.99726 

34 

26 

.11184 

.11551 

.88449 

.99633 

34 

27 

.05052 

.05328 

.94672 

.99724 

33 

27 

.11281 

.11649 

,88351 

.99632 

33 

28 

.05164 

.05441 

.94559 

.99723 

32 

28 

.11377 

.11747 

.88253 

.99630 

33 

29 

.05275 

.05553 

.94447 

.99721 

31 

29 

.11474 

.11845 

.88155 

.99629 

31 

30 

9.05386 

9.05666 

10.94334 

9.99720 

30 

30 

9.11570 

9.11943 

10.88057 

9.99627 

30 

31 

.05497 

.05778 

.94222 

.99718 

29 

31 

.11666 

.12040 

.87960 

.99625 

29 

32 

.05607 

.05890 1 

.94110 

.99717 

28 

32 

.11761 

.12138 

.87862 

.99624 

28 

33 

.05717 

.06002 

.93998 

.99716 

27 

33 

.11857 

.12235 

.87765 

.99622 

27 

34 

.05827 

.06113 1 

.93887 

.99714 

26 

34 

.11952 

.12332 

.87668 

.99620 

26 

35 

9.05937, 

9.06224 

10.93776 

9.99713 

25 

35 

9.12047 

9.12428 

10.87572 

9.99618 

35 

36 

.06046 

.06335 

.93665 

.99711 

24 

36 

.12142 

.12525 

.87475 

.99617 

24 

37 

.06155 

.06445 

.93555 

.99710 

23 

37 

.12236 

.12621 

.87379 

.99615 

23 

38 

.06264 1 

.06556 

.93444 

.99708 

22 

38 

.12331 

.T2717 

.87283 

.99613 

22 

39 

.06372 

.06666 

.93334 

.99707 

21 

39 

.12425 

.12813 

.87187 

.99612 

21 

40 

9.06481 

9.06775 

10.93225 

9.99705 

20 

40 

9.12519 

9.12909 

10.87091 

9.99610 

30 

41 

.06539 

.06885 

.93115 

.99704 

19 

41 

.12612 

.13004 

.86996 

.99608 

19 

42 

.06696 

.06994 

.93006 

.99702 

18 

42 

.12706 

.13099 

.86901 

.99607 

18 

43 

.06804 

.07103 

.92897 

.99701 

17 

43 

,.12799 

.13194 

.86806 

.99605 

17 

44 

.06911 

.07211 

.92789 

.99699 

16 

44 

;12892 

.13289 

1 .86711 

.99603 

16 

45 

9.07018 

9.07320 

10.92680 

9.99698 

15 

45 

9.12985 

8.13384 

10.86616 

9.99601 

15 

46 

.07124 

.07428 

.92572 

.99696 

14 

46 

.13078 

.13478 

.86522 

.99600 

14 

47 

.07231 

.07536 

.92464 

.99695 

13 

47 

.13171 

.13573 

.86427 

.99598 

13 

48 

.07337 

.07643 

.92357 

.99693 

12 

48 

.13263 

.13667 

.86333 

.99596 

12 

49 

.07442 

.07751 

, .92249 

.99692 

11 

49 

.13355 

1 .13761 

.86239 

.99595 

11 

80 

9.07548 

9.07858 

10.92142 

9.99690 

10 

50 

9.13447 

9.13854 

10.86146 

9.99593 

1C 

51 

.07653 

.07964, 

.92036 

.99689 

9 

51 

i .13539 

.13948 

, .86052 

.99591 

9 

62 

.07758 

.08071 

.91929 

.99687 

8 

52 

.13630 

.14041 

.85959 

.99589 

8 

53 

.07863 

.08177 

.91823 

.99686 

7 

53 

.13722 

.14134 

.85866 

.99588 

7 

54 

.07968 

.08283 

.91717 

.99684 

6 

54 

.13818 

.14227 

.85773 

,99586 

6 

55 

9.08072 

9.08389 

10.91611 

9.99683 

5 

55 

9.13904 

9.14320 

10.85680 

9.99584 

5 

56 

.08176 

.08495 

.91505 

.99681 

4 

^56 

! .13994 

! .14412 

.85588 

.99582 

4 

57 

.08280 

.08600 

;91400 

.99680 

3 

57 

.14085 

.14504 

.85496 

.99581 

3 

58 

.08383 

.08705 

.91295 

.99678 

2 

58 

.14175 

.14597 

.85403 

.99579 

.2 

59 

.08486 

.08810 

.91190 

.99677 

1 

59 

.14266 

.14688 

.85312 

.99577 

1 

60 

9.08589 

9.08914 

10.91086 

9.99675 

! 0 

60 

9.14356 

9.14780 

10.85220 

9.99575 

0 


Cosine. 

lOotana. 

Tang. 

1 Sine. 


1 1 Cosine. 

ICotang. 

.Tang. 

1 Sine. 

z 


-^IfOg secant»coIbg cosine—1—log cosine; log cosecant—colog sine** 
1 —log sine. 

Log sec 6*- 8(K-10.00280. Log cosec 0*- 8(K-* 10.04014. 
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3— ^Logaritliiiiic Siaas, Tangents, Cotangents, Cosines.— (Cont'd.) 
(Secants, Cosecants.)* 


8® 90 


t= 

•1 

Sine. 

Tang. 1 Cotang. | Cosine. 

ti ' 

Sine. 

Tang. 

1 Cotang. 

t Cosine, i- 

m 

9.14356 

9.14780 

10.85220 

9.99575 

60 

0 

9.19433 

9.19971 

10.80029 

9.99462 

eo 

1 

.14445 

.14872 

.85128 

.99574 

59 

1 

.19513 

.20053 

.79947 

.99460 

59 

2 

.14535 

.14963 

.85037 

.99572 

58 

2 

.19592 

.20134 

.79866 

.99458 

58 

3 

.14624 

mkimM 

.84946 

.99570 

57 

3 

.19672 

.20216 

.79784 

.99456 

67 

4 

.14714 

.15145 

.84855 

.99568 

56 

4 

.19751 

.20297 

.79703 

.99454 

56 

5 

9.14803 

9.15236 

10.84764 

9.99566 

65 

5 

9.19830 

9.20378 

10.79622 

9.99452 

55 

6 

.14891 

.15327 

.84673 

.99565 

54 

6 

.19909 

.20459 

.79541 

.99450 

54 

7 

.14980 

.15417 

.84583 

.99563 

53 

7 

.19938 

.20540 

.79480 

.99448 

53 

8 



.84492 

.99561 

52 

8 

.20067 

.20621 

.79379 

.99446 

52 

9 

.15157 

.15598 

.84402 

.99559 

51 

9 

.20145 

.20701 

.79299 

.99444 

51 

EE 

9.15245 

9.15688 


9.99557 

50 

10 

9.20223 

9.20782 

10.79218 

9.99442 

50 

11 


mi&kkm 

.84223 

.99556 

49 

11 

.20302 

.20862 

.79138 

.99440 

49 

12 

.15421 

.15867 

.84133 

.99554 

48 

12 

.20380 

.20942 

.79058 

.99438 

48 

13 

.15508 

.15956 

.84044 

.99552 

47 

13 

.20458 

.21022 

.78978 

.99436 

47 

14 

.15596 


.83954 

.99550 

46 

14 

.20535 

.21102 

.78898 

.99434 

46 

15 

9.15683 

9.16135 

10.83865 

9.99548 

45 

15 

9.20613 

9.21182 

10.78818 

9.99432 

45 

16 

.15770 

.16224 

.83776 

.99546 

44 

16 

.20691 

.21261 

.78739 

.99429 


17 

.16857 

.16312 

.83688 

.99545 

43 

17 

.20768 

.21341 

.78659 

.99427 

EJ 

18 

.15944 

..16401 

.83599 

.99543 

42 

18 

.20845 

.21420 

.78580 

.99425 

Ej 

19 

.16030 

.16489 

.83511 

.99541 

41 

19 

.20922 

.21499 

.78501 

.99423 

41 

30 

9.16116 

9.16577 

10.83423 

9.99539 

40 

20 

9.20999 

9.21578 

10.78422 

9.99421 

40 

21 

.16203 

.16665 


.99537 

39 

21 

.21076 

.21657 

.78343 

.99419 

39 

22 

.16289 

.16753 

.83247 

.99535 

38 

22 

.21153 

.21736 

.78264 

.99417 

38 

23 

.16374 

.16841 

.83159 

.99533 

37 

23 

.21229 

.21814 

.78186 

.99415 

37 

24 

.16460 

.16928 

.83072 

.99532 

36 

24 

.21306 

.21893 

.78107 

.99413 

36 

35 

9.16545 

9.17016 

10.82984 

9.99530 

35 

25 

9.21382 

9.21971 

10.78029 

9.99411 

35 

26 

.16631 

.17103 

.82897 

.99528 

34 

26 

.21458 

.22049 

.77951 

.99409 

34 

27 

.16716 

.17190 

.82810 

.99526 

E ill 

27 

.21534 

.22127 

.77873 

.99407 

33 

28 

.16801 

.17277 

.82723 

.99524 


28 

.21610 

.22205 

.77795 

.99404 

32 

29 

.16886 

.17363 

.82637 

.99522 

E III 

29 

.21685 

.22283 

.77717 

.99402 

31 

30 

9.16970 

9.17450 

10.82550 

9.99520 

30 

30 

9:21761 

9.22361 

10.77639 

9.99400 

30 

31 

.17055 

.17536 

.82464 

.99518 


31 

.21836 

.22438 

.77562 

.99398 

.29 

32 

.17139 

.17622 

.82378 

.99517 

28 

32 

.21912 

.22516 

.77484 

.99396 

28 

33 

.17223 

.17708 

.82292 

.99515 

27 

33 

.21987 

.22593 

.77407 

.99394 

27 

34 

.17307 

.17794 

mi.i 1 [\im 

.99513 

26 

34 

.22062 

.22670 

.77330 

.99392 

26 

35 

9.17391 

9.17880 

10.82120 

9.99511 

25 

35 

9.22137 

9.22747 

10.77253 

9.99390 

25 

36 

.17474 

.17965 

.82035 

.99509 

24 

36 

.22211 

.22824 

.77176 

.99388 

24 

37 

.17558 

.18051 

.81949 

.99507 

23 

37 

.22286 

.22901 

.77099 

.99385 

23 

38 

.17841 

.18136 

.81864 

.99505 


38 

.22361 

.22977 

.77023 

.99383 

22 

39 

.17724 

.18221 

.81779 

1 .99503 


39 

.22435 

.23054 

.76946 

.99381 

21 

40 

9.17807 

9.18306 

10.81694 

9.99501 

Efiji 

40 

9.22509 

9.23130 

10.76870 

9.99379 

20 

41 

.17890 

.18391 

.81609 

.99499 

19 

41 

.22583 

.23206 

.76794 

.99377 

19 

42 

.17973 

.18475 

.81525 

.99497 

■Ql 

42 

.22657 

.23283 

.76717 

.99375 

EH 

43 

.18055 

.18560 

.81440 

•99495 

Evil 

43 

.22731 

.23359 

.76641 

.99372 

17 

44 

.18137 

.18644 

.81356 

.99494 

EmI 

44 

.22805 

.23435 

.76565 

.99370 

16 

45 

9.18220 

9.187 28 

10.81272 

9.99492 

EmI 

45 

9.22878 

9.23510 

10.76490 

9.99368 


46 

.18302 

.18812 

.81188 

.99490 

EmI 

46 

.22952 

.23586 

.76414 

.99366 

14 

47 

.18383 

.18896 


.99488 

13 

47 

.23025 

.23661 

.76339 

.99364 

13 

48 

.18465 

.18979 

.81021 

.99486 

12 

48 

.23098 

-.23737 

.76263 

.99362 

12 

49 

.18547 

.19063 

.80937 

.99484 

11 

49 

..23171 

.23812 

.76188 

.99359 

11 

50 

9.18628 

9.19146 


9.99482 

EE 

50 

9.23244 

9.23887 

10.76113 

9.99357 

ETl 

51 

.18709 

.19229 

.80771 

.99480 

9 

51 

.23317 

.23962 

.76038 

.99355 

9 

52 

.18790 

.19312 

.80688 

.99478 

8 

52 

.23390 

.24037 


.99353 

Kl 

53 

.18871 

.19395 

■l.jiiiil.E 

.99476 

7 

53 

.23462 

.24112 


.99351 

7 

54 

.18952 

.19478 

.«0S22 

.99474 

H 

54 

.23535 

.24186 


.99348 

-6 

55 

9.19033 

9.19561 

10.80439 

9.99472 


55 

9.23607 

9.24261 

10.75739 

9.99346 


56 

.19113 

.19643 

.80357 

.99470 

4 

56 

.23679 

.24335 

.75665 

.99344 

4 

67 

.19193 

.19725 

.80275 

.99468 

m\ 

57 

.23752 

.24410 


.99342 

3 

58 

.19273 


.80193 

.99466 


58 

.23823 

.24484 


.99340 

2 

59 

.19353 

.19889 

.80111 

.99464 


59 

.23895 

.24558 


.99337 

1 

40 

^9.19433 

9.19971 

10.80029 

9.99462 

i 

60 

9.23967 

9.24632 

10.75368 

9.99335 

0 

t Cosine. 

Cotang. 

Tang. 

iKIHSH 

1 


ISZEUil 


mmm 

m 


IP ^ W 


*Logr 8ecant«*colog cosine—1—log cosine; log cosecant—colog sine— 
X—log sine. 

Ex.^hos sec 8*- 3(K -10.00480. Log cosec 8*- 3(K-10:83030. 
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8 , — Losariihmlc Sines, Tangents, Cotangents, Cosines. —(Cont'd.) 
(Secants, Cosecants.)* 

102_U!_ 

i Sine. I Tang. | Cotang. | Cosine. | II * I Sine. | Tang. | Cotang, j Cosine, j 


0 

9.23967 

9.24632 

10.75368 

9.99335 

60 

0 

9.28060 

9.28865 

10.71135 

9.99195 

60 

1 

.24039 

.24706 

.75294 

.99333 

59 

1 

.28125* 

.28933 

.71067 

.99192 

59 

2 

.24110 

.24779 

.75221 

.99331 

58 

2 

.28190 

.29000 

.71000 

.99190 

58 

3 

.24181 

.24853 

.75147 

.99328 

57 

3 

.28254 

.29067 

.70933 

.99187 

57 

4 

.24253 

.24926 

.75074 

.99326 

56 

4 

.28319 

.29134 

.70866 

.99185 

56 

5 

9.24324 

9.25000 

10.75000 

9.99324 

55 

5 

9.28384 

9.29201 

10.70799 

9.99182 

55 

6 

.24395 

.25073 

.74927 

.99322 

54 

6 

.28448 

.29268 

.70732 

.99180 

54 

7 

.24466 

.25146 

.74854 

.99319 

S3 

7 

.28512 

.29335 

.70665 

.99177 

53 

8 

.24536 

.25219 

.74781 

.99317 

52 

8 

.28677 

.29402 

.70598 

.99175 

52 

9 

.24607 

.25292 

.74708 

.99315 

51 

9 

.28641 

.29468 

.70532 

.99172 

51 

10 

9.24677 

9.25365 

10.74635 

9.99313 

50 

10 

9.28705 

9.29535 

10.70465 

9.99170 

50 

11 

.24748 

.25437 

.74563 

.99310 

49 

11 

.28769 

.29601 

.70399 

.99167 

49 

12 

.24818 

.25510 

.74490 

.99308 

48 

12 

.28833 

.29668 

.70332 

.99165 

48 

13 

.24888 

.25582 

.74418 

.99306 

47 

13 

.28896 

.29734 

.70266 

.99162 

47 

14 

.24958 

.25655 

.74345 

.99304 

46 

14 

.28960 

.29800 

.70200 

.99160 

46 

15 

9.25028 

9.25727 

10.74273 

9.99301 

45 

15 

9.29024 

9.29866 

10.70134 

9.99157 

45 

16 

.25098 

.25799 

.74201 

.99299 

44 

16 

.29087 

.29932 

.70068 

.99155 

44 

17 

.25168 

.25871 

.74129 

.99297 

43 

17 

.29150 

.29998 

.70002 

.99152 

43 

18 

.25237 

.25943 

.74057 

.99294 

42 

18 

.29214 

30064 

.69936 

.99150 

42 

19 

.25307 

.26015 

.73985 

.99292 

41 

19 

.29277 

.30130 

.69870 

.99147 

41 

20 

9.26376 

9.26086 

10.73914 

9.99290 

40 

20 

9.29340 

9.30195 

10.69805 

9.99145 

40 

21 

.25445 

.26158 

.73842 

.99288 

39 

21 

.29403 

.30261 

.69739 

.99142 

39 

22 

.25514 

.26229 

.73771 

.99285 

38 

22 

.29466 

.30326 

.69674 

.99140 

38 

23 

.25583 

.26301 

.73699 

.99283 

37 

23 

.29529 

.30391 

.69609 

.99137 

37 

24 

.25652 

.26372 

.73628 

.99281 

36 

24 

.29591 

.30457 

.69543 

.99135 

36 

25 

9.25721 

9.26443 

10.73557 

9.99278 

35 

25 

9.29654 

9.30522 

10.69478 

9.99132 

35 

26 

.25790 

.26514 

.73486 

.99276 

34 

26 

.29716 

.30587 

.69413 

.99130 

34 

27 

.25858 

.26585 

.73415 

.99274 

33 

27 

.29779 

.30652 

.69348 

.99127 

33 

28 

.25927 

.26655 

.73345 

.99271 

32 

28 

.29841 

.30717 

.69283 

.99124 

32 

29 

.25995 

.26726 

.73274 

.99269 

31 

29 

.29903 

.30782 

.69218 

.99122 

31 

30 

9.26063 

9.26797 

10.73203 

9.99267 

30 

30 

9.29966 

9.30846 

10.69154 

9.99119 

30 

31 

.26131 

.26867 

.73133 

.99264 

29 

31 

.30028 

.30911 

.69089 

.99117 

29 

32 

.26199 

.26937 

.73063 

.99262 

28 

P 

.30090 

.30975 

.69025 

.99114 

28 

33 

.26267 

.27008 

.72992 

.99260 

27 

33 

.30151 

.31040 

.68960 

.99112 

27 

34 

.26335 

.27078 

.72922 

.99257 

26 

34 

.30213 

.31104 

.68896 

.99109 

26 

35 

9.26403 

9.27148 

10.72852 

9.99255 

25 

35 

9.30275 

9.31168 

10.68832 

9.99106 

25 

36 

.26470 

.27218 

.72782 

.99252 

24 

36 

.30336 

.31233 

.68767 

.99104 

24 

37 

.26538 

.27288 

.72712 

.99250 

23 

37 

.30398 

.31297 

.68703 

.99101 

23 

38 

.26605 

.27357 

.72643 

.99248 

22 

38 

.30459 

.31361 

.68639 

^99099 

22 

39 

.26672 

.27427 

.72573 

.99245 

21 

39 

.30521 

.31425 

.68575 

.99096 

21 

40 

9.26739 

9.27496 

10.72504 

9.99243 

20 

40 

9.30582 

9.31489 

10.68511 

9.99093 

20 

41 

.26806 

.27566 

.72434 

.99241 

19 

41 

.30643 

.31552 

.68448 

.99091 

19 

42 

.26873 

.27635 

.72365 

.99238 

18 

42 

.30704 

.31616 

.68384 

.99088 

18 

43 

.26940 

.27704 

.72296 

.99236 

17 

43 

.30765 

.31679 

.68321 

.99086 

17 

44 

.27007 

.27773 

.72227 

.99233 

16 

44 

.30826 

.31743 

.68257 

.99083 

16. 

45 

9.27073 

9.27842 

10.72158 

9.99231 

15 

45 

9.30887 

9.31806 

10.68194 

9.99080 

15 

46 

.27140 

.27911 

.72089 

.99229 

14 

46 

.30947 

.31870 

.68130 

99078 

14 

47 

.27206 

.27980 

.72020 

.99226 

13 

47 

.31008 

.31933 

.68067 

.99075 

13 

48 

.27273 

.28049 

.71951 

.99224 

12 

48 

; .31068 

.31996 

.68004 i 

.99072 

12 

49 

.27339 

.28117 

.71883 

.99221 

11 

49 

1 .31129 

.32059 

.67941 

.99070 

11 

50 

9.27405 

9.28186 

10.71814 

9.99219 

10 

50 

9.31189 

9.32122 

10.67878 

9.99067 

10 

51 

.27471 

.28254 

,71746 

.99217 

9 

51 

.31250 

.32185 

.67815 

.99064 

9 

52 

.27537 

.28323 

.71677 

.99214 

8 

52 

.31310 

.32248 

.67752 

.99062 

8 

53 

.27602 

.28391 

.71609 

.99212 

7 

53 

.31370 

.32311 

.67689 

.99059 

7 

54 

.27668 

.28459 

.71541 

.99209 

6 

54 

.31430 

.32373 

.67627 

.99056 

6 

55 

9.27734 

9.28527 

10.71473 

9.99207 

5 

55 

9.31490 

9.32436 

10.67564 

9.99054 

5 

56 

.27799 

.28595 

.71405 

.99204 

4 

56 

.31549 

.32498 

.67502 

.99051 

4 

57 

.27864 

.28662 

.71338 

.99202 

3 

57 

.31609 

.32561 

.67439 

.99048 

3 

58 

.27930 

.28730 

.71270 

.99200 

2 

58 

.31669 

.32623 

.67377 

.99046 

2 

59 

.27995 

.28798 

.71202 

.99197 

1 

69 

.31728 

.32685 

.67315 

.99043 

1 

60 

9.28060 

9.28865 

10.71135 

9.99195 

0 

60 

9.31788 

9.32747 

10.67253 

9.99040 

0 


1 Cosine. 1 

Cotang. 1 

Tang. 1 

Sine. 1 

' 11 

_L 

Cosine. 

Cotang. 

Tang. 

Sine. 



.♦Log secant** colog cosine—1 —log cosine; log cosecant—colog sine — 
1 —log sine. 

Ex,—hog sec 30' -10.00733. Ex,—Log cosec 10«- 30' -10.73937. 
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3..— ^Logarithmic Sines, Tangents, Cotangents, Cosines.— <Cont*d.) 
(Secants, Cosecants.)* 

12® 13® 


f 

i Sine. 

1 Tang. 

i Cotang. 

1 Cosine. 1 

1 ' 

1 Sine. 

1 Tang. 

1 Cotang. 

i Coslne.| 

0 

9.31788 

9.32747 

10.67253 

9.99040 

60 

0 

9.35209 

9.36336 

10.63664 

9.98872 

60 

1 

.31847 

.32810 

.67190 

.99038 

59 

1 

.35263 

.36394 

.63606 

.98869 

69 

2 

.31907 

.32872 

.67128 

.99035 

58 

2 

.35318 

.36452 

.63548 

.98867 

58 

3 

.31966 

.32933 

.67067 

.99032 

57 

3 

.35373 

.36509 

.63491 

.98864 

57 

4 

.32025 

.32995 

.67005 

.99030 

56 

4 

.35427 

.36566 

.63434 

.98861 

66 

5 

9.32084 

9.33057 

10.66943 

9.99027 

55 

5 

9.35481 

9.36624 

10.63376 

9.98858 

55 

4 

.32143 

.33119 

.66881 

.99024 

64 

6 

.35536 

.36681 

.63319 

.98855 

54 

7 

.32202 

.33180 

.66820 

.99022 

53 

7 

.35590 

.36738 

.63262 

.98852 

53 

€ 

.32261 

.33242 

.66758 

.99019 

52 

6 

.35644 

.36759 

.63205 

.98849 

52 

9 

.32319 

.33303 

.66697 

.99016 

51 

9 

.35698 

.36852 

.63148 

.98846 

51 

10 

9.32378 

9.33365 

10.66635 

9.99013 

50 

10 

9.35752 

9.36909 

10.63091 

9.98843 

50 

11 

.32437 

.33426 

.66574 

.99011 

49 

11 

.35806 

.36966 

.63034 

.98840 

49 

12 

.32495 

.33487 

.66513 

.99008 

48 

12 

.35860 

.37023 

.62977 

.98837 

48 

13 

.32553 

.33548 

.66452 

.99005 

47 

13 

.35914 

.37080 

.62920 

.98834 

47 

14 

.32612 

.33609 

.66391 

.99002 

46 

14 

.35968 

.37137 

.62863 

.98831 

46 

15 

9.32670 

9.33670 

10.66330 

9.99000 

45 

15 

9.36022 

9.37193 

10.62807 

9.98828 

45 

16 

.32728 

.33731 

.66269 

.98997 

44 

16 

.36075 

.37250 

.62750 

.98825 

44 

17 

.32786 

.33792 

.66208 

.98994 

43 

17 

.36129 

.37306 

.62694 

.98822 

43 

18 

.32844 

.33853 

.66147 

.98991 

42 

18 

.36182 

.37363 

.62637 

.98819 

42 

19 

.32902 

.33913 

.66087 

.98989 

41 

19 

.36236 

.37419 

.62581 

.98816 

41 

20 

9.32960 

9.33974 

10.66026 

9.98986 

40 

20 

9.36289 

9.37476 

10.6.3524 

9.98813 

40 

21 

.33018 

.34034 

.65966 

.98983 

39 

21 

.36342 

.37532 

.62468 

.98810 

39 

22 

.33075 

.34095 

.65905 

.98980 

38 

22 

.36395 

.37588 

.62412 

.98807 

38 

23 

.33133 

.34155 

.65845 

.98978 

37 

23 

.36449 

.37644 

.62356 

.98804 

37 

24 

.33190 

.34215 

.65785 

.98975 

36 

24 

.36502 

.37700 

.62300 

.98801 

36 

35 

9.33248 

9.34276 

10.65724 

9.98972 

3S 

25 

9.36555 

9.37756 

10,62244 

9.98798 

35 

26 

.33305 

.34336 

.65664 

.98969 

34 

26 

.36608 

.37812 

.62188 

.98795 

34 

27 

.33362 

.34396 

.65604 

.98967 

33 

27 

.36660 

.37868 

.62132 

.98792 

33 

28 

.33420 

.34456 

.65544 

.98964 

32 

28 

.36713 

.37924 

.62076 

.98789 

32 

29 

.33477 

.34516 

.65484 

.98961 

31 

29 

,36766 

.37980 

.62020 

98786 

31 

30 

9.33534 

9.34576 

10.65424 

9.98958 

30 

30 

9.36819 

9.38035 

10.61965 

9.98783 

30 

31 

.33591 

.34635 

.65365 

.98955 

29 

31 

.36871 

.38091 

.61909 

.98780 

29 

32 

.33647 

.34695 

.65305 

.98953 

28 

32 

.36924 

.38147 

.61853 

.98777 

28 

33 

.33704 

,34755 

.65245 

.98950 

27 

33 

.36976 

.38202 

.61798 

.98774 

27 

34 

.33761 

.34814 

.65186 

.98947 

26 

34 

.37028 

.38257 

.61743 

.98771 

26 

35 

9.33818 

9.34874 

10.65126 

9.98944 

25 

35 

9.37081 

9.38313 

10.61687 

9.98768 

25 

36 

.33874 

.34933 

.65067 

.98941 

24 

36 

.37133 

.38368 

.61632 

.98765 

24 

37 

.33931 

.34992 

.65008 

.98938 

23 

37 

.37185 

.38423 

.61577 

.98762 

23 

38 

.33987 

.35051 

.64949 

.98936 

22 

38 

.37237 

.38479 

.61521 

.98759 

22 

39 

.34043 

,35111 

.64889 

.98933 

21 

39 

.37289 

.38534 

.61466 

,98756 

21 

40 

9.34100 

9.35170 

10.64830 

9.98930 

20 

40 

9.37341 

9.38589 

10.61411 

9.98753 

20 

41 

1 .34156 

.35229 

.64771 

.98927 

19 

41 

.37393 

.38644 

1 .61356 

.98760 

19 

42 

.34212 

.35288 

.64712 

.98924 

18 

42 

.37445 

.38699 

.61301 

.98746 

18 

43 

.34268 

.35347 

.64653 

.98921 

17 

43 

.37497 

.38754 

.61246 

.98743 

17 

44 

.34324 

.35405 

.64595 

.98919 

16 

44 

.37549 

.38808 

.61192 

.98740 

16 

45 

9.34380 

9.35464 

10.64536 

9.98916 

15 

45 

9.37600 

9.38863 

10.61137 

9.98737 

15 

46 

.34436 

.35523 

.64477 

.98913 

14 

46 

.37652 

..38918 

.61082 

■ .98734 

14 

47 

.34491 

.35581 

.64419 

.98910 

13 

47 

.37703 

1 .38972 

.61028 

.98731 

13 

48 

.34547 

.35640 

.64360 

.98907 

12 

48 

.37755 

.39027 

.60973 

.98728 

12 

49 

.34602 

.35698 

.64302 

.98904 

11 

49 

.37806 

.39082 

.60918 

,98725 

11 

50 

9.34658 

9.35757 

10.64243 

9,98901 

lO 

50 

9.37858 

9.39136 

10.60864 

9.98722 

10 

51 

.34713 

.35815 

.64185 

.98898 

9 

51 

.37909 

.39190 

.60810 

.98719 

9 

52 

.34769 

.35873 

.64127 

.98896 

8 

52 

.37960 

.39245 

.60755 

.98517 

8 

53 

.34824 

.35931 

.64069 

.98893 

7 

53 

.38011 

.39299 

.60701 

.98712 

7 

54 

.34879 

.35989 

.64011 

.98890 

6 

54 

.38062 

.39353 

.60647 

.98709 

6 

55 

9.34934 

9.36047 

10.63953 

9.98887 

5 

55 

9.38113 

9.39407 

10.60593 

9.98706 

5 

66 

.34989 

.36105 

.63895 

.98884 

4 

56 

.38164 

.39461 

.60539 

.98703 

4 

67 

.35044 

.36163 

.63837 

.98881 

3 

57 

.38215 

.39515 

..60485 

.98700 

3 

68 

.35099 

.36221 

.63779 

.98878 

2 

58 

.38266 

.39569 

.60431 

.98697 

2 

59 

.35154 

.36279 

.63721 

.98875 

1 

59 

.38317 

.39623 

.60377 

.98694 

1 

00 

9.35209 

9.36336 

10.63664 

9.98872 

0 

60 

9.38368 

9.39677 

10.60323 

9.98690 

0 


Cosine. 

Cotang. 

Tang, 

Sine. 

* 


Cosine. | Cotang. | 

Tang. 

Sine. 

“T 


W 




♦Log secant ■■ colog cosine —1 -7 log cosine; log cosecant ■■ colog sine 

aee ia°-« WV 10.01042' £x.—Log cosee 12»- 10.66400. 
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3. '-Logarithmic Sines, Tanobnts, Cotakgbkts, Cosinbs.— ^(Cont*d.> 
(Sbcants, Cosecants.)* 


14®_ 


—— 

1 Blue. 

1 Tang. 

\ Cotang. {.Cosine. 

1 

H 

1 Wne. 

1 Tang. 1 Ootang. 

1 Cosine. I 

0 

9.38368 

9.39677 

10.60323 

9.98690 

60 

0 

9.41300 

9.42806 

10.57195 

9.98494 

60 

1 

.38418 

.39731 

.60269 

.98687 

69 

1 

.4^347 

.42856 

.57144 

.98491 

59 

2 

.38469 

.39785 

.60^16 

.98684 

58 

2 

.41394« 

.42906 

' .57094 

.98488 

68 

3 

.38519 

.39838 

.60162 

.98681 

57 

3 

.41441 

.42957 

.57043 

.98484 

67 

4 

.38570 

.39892 

.60108 

.98678 

56 

4 

.41488 

.43007 

.56993 

.98481 

56 

5 

9.38620 

9.39945 

10.60055 

9.98675 

5S 

5 

9.41535 

9.43057 

10.56943 

9.98477 

55 

6 

.38670 

.39999 

.60001 

.08671 

54 

6 

.41582 

.43108 

.56892 

.98474 

54 

7 

.38721 

.40052 

.59948 

.98668 

63 

7 

.41628 

.43158 

.56842 

.98471 

56 

8 

.38771 

.40106 

.59894 

.98665 

52 

8 

.-.1675 

.43208 

.56792 

.98467 

53 

9 

.38821 

.40159 

.59841 

.98662 

51 

9 

.41722 

.43258 

.56742 

.98464 

61 

10 

9.38871 

9.40212 

10.59788 

9.98659 

SO 

10 

9.41768 

9.43308 

10.56692 

9.98460 

SO 

11 

.38921 

.40266 

.59734 

.98656 

49 

li 

.41815 

.43358 

.56842 

.98467 

40 

12 

.38971 

.40319 

.69681 

.98652 

46 

12 

.41861 , 

.43408 

.56592 

.98453 

48 

13 

.39021 

.40372 

.59628 

.98649 

47 

13 

.41908 

.43458 

.56542 

.98450 

47 

14 

.39071 

.40425 

.59575 

.98646 

46 

14 

.41954 

.43508 

.56492 

.98447 

46 

15 

9.39121 

9.40478 

10.59522 

9.98643 

45 

15 

9.42001 

9.43558 

10.56442 

9.98443 

45 

16 

.39170 

.40531 

.69469 

,.98640 

44 

16 

.42047 

.43607 

.56393 

.98440 

44 

17 

.39220 

.40584 

.59416 

.98636 

43 

17 

.42093 

.43657 

.56343 

.98436 

43 

18 

.39270 

.40636 

.59364 

.98633 

42 

18 

.42140 

.43707 

.56293 

.98433 

43 

19 

.39319 

.40689 

.59311 

.98630 

41 

19 

.42186 

.43756 

.56244 

.98429 

41 

20 

9.39369 

9.40742 

10.59258 

9.98627 

40 

20 

9.42232 

9.43806 

10.56194 

9.98426 

40 

21 

.39418 

.40795 

.59205 

.98623 

39 

21 

.42278 

.43855 

.56145 

.98422 

39 

22 

.39467 

.40847 

.59153 

.98620 

38 

22 

.42324 

.43905 

.56095 

.98419 

38 

23 

.39517 

.40900 

.59100 

.98617 

37 

23 

.42370 

.43954 

.56046 

.98415 

37 

24 

.39566 

.40952 

.59048 

.98614 

36 

24 

.42416 

.44004 

.55996 

.98412 

36 

35 

9.39615 

9.41005 

10.58995 

9.98610 

35 

25 

9.42461 

9.44053 

10.55947 

9.98409 

35 

26 

.39664 

.41057 

.58943 

.98607 

34 

26 

.42507 

.44102 

.55898 

.98405 

34 

27 

.39713 

.41109 

.58891 

.98604 

33 

27 

42553 

.44151 

.55849 

.98402 

33 

28 

.39762 

.41161 

.68839 

.98601 

32 

28 

.42599 

.44201 

.55799 

.98398 

33 

29 

.39811 

.41214 

.58786 

.98597 

31 

29 

.42644 

.44250 

.55750 

.98395 

31 

30 

9.39860 

9.41266 

10.58734 

9.98594 

30 

30 

9.42690 

9.44299 

10.55701 

9.98391 

30 

31 

.39909 

.41318 

.58682 

.98591 

29 

31 

.42735 

.44348 

.55652 

.98388 

29 

32 

.39958 

.41370 

.58630 

.98588 

28 

32 

.42781 

.44397 

.55603 

.98384 

28 

33 

.40006 

.41422 

.58578 

.98584 

27 

33 

.42826 

.44446 

.55554 

.98381 

27 

34 

.40055 

.41474 

.58526 

.98581 

26 

34 

.42872 

.44495 

.65505 

.98377 

26 

35 

9.40103 

9.41526 

10.58474 

9.98578 

25 

35 

9.42917 

9.44544 

10.55456 

9.98373 

25 

36 

.40152 

.41578 

.58422 

.98574 

24 

36 

.42962 

.44592 

.55408 

.98370 

24 

37 

.40200 

.41629 

.58371 

.98571 

23 

37 

.43008 

.44641 

.55359 

.98366 

23 

38 

.40249 

.41681 

.58319 

.98568 

22 

38 

.43053 

.44690 

.55310 

.98363 

23 

39 

.40297 

.41733 

.58267 

1 .98565 

21 

39 

.43098 

.44738 

.55262 

.98359 

21 

40 

9.40346 

9.41784 

10.58216 

9.98561 

20 

40 

9.43143 

9.44787 

10.55213 

9,98356 

20 

41 

.40394 

.41836 

.58164 

.98558 

19 

41 

.43188 

.44836 

.55164 

.98352 

10 

42 

.40442 

.41887 

1 .58113 

.98555 

18 

42 

.43233 

.44884 

.55116 

.98349 

18 

43 

.40490 

.41939 

.58061 

.98551 

17 

43 

.43278 

.44933 

.55067 

.98345 

17 

44 

.40538 

.41990 

.58010 

.98548 

16 

44 

.43323 

.44981 

.55019 

.98342 

16 

45 

9.40586 

9.42041 

10.67959 

9.98545 

15 

45 

9.43367 

9.45029 

10.54971 

9.98338 

15 

46 

.40634 

.42093 

.57907 

.98541 

14 

46 

.43412 

.45078 

.54922 

.98334 

14 

47 

.40682 

.42144 

.57856 

.98538 

13 

47 

.43457 

.45126 

.54874 

.98331 

13 

48 

.40730 

.42195 

.57805 

.98535 

12 

48 

.43502 

.45174 

.54826 

.98327 

12 

49 

.40778 

.42246 

.57754 

.98531 

11 

49 

.43546 

.45222 

.54778 

.98324 

11 

50 

9.40825 

9.42297 

10.57703 

9.98528 

10 

50 

9.43591 

9.45271 

10.54729 

9.98320 

10 

51 

.40873 

.42348 

.57652 

.98525 

9 

61 

.43635 

.45319 

.54681 

.98317 

0 

52 

.40921 

.42399 

1 .57601 

.98521 

8 

52 

1 .43680 

.45367 

.54633 

.98313 

8 

53 

.40968 

.42450 

.57550 

.98518 

7 

53 

.43724 

.45415 

.54585 

.98309 

7 

54 

.41016 

.42501 

.57499 

.98515 

6 

54 

.43769 

.45463 

.54537 

1 .98306 

6 

55 

9.41063 

9.42552 

10.57448 

9.98511 

5 

55 

9.43813 

9.45511 

10.54489 

9.98302 

5 

56 

.41111 

.42603 

.67397 

.98508 

4 

56 

1 .43857 

.45559 

.54441 

.98299 

4 

57 

.41158 

.42653 

.57347 

.98505 

3 

57 

.43901 

.45606 

.54394 

.98295 

8 

58 

.41205 

.42704 

.57296 

.98501 

2 

58 

.43946 

.45654 

.54346 

.98291 

2 

59 

.41252 

.42755 

.57245 

.98498 

1 

59 

.43990 

.45702 

.54298 

.98288 

1 

60 

9.41300 

9.42805 

10.57195 

9.98494 

0 

60 

9.44034 

9.45750 

10.54250 

9.98284 

0 

i Cosine. 

ICO tang. 

1 Tang. 

Sine. 1 Ml 

1 Cosine. 

1 Cotang. 

1 Tang. 

Sine. 

”7* 


*Lofir secantcolog cosine>*> 1—log cosine, log cosecant«colog sme^ 
l—log sine. 

Ex .—Log sec 14®- 30' —10.01406. Ex .—Log cosec 14®- SO' —10.60140. 
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Lofaiithmic Sines^ Tangents, Cotangents, Cosines.—(C ont*d.) 
(Secants, Cosecants.)* 
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*T“ 

Sine. 1 Tang. 

1 Cotang. 1 Cosine, i || * 

Sine. 

1 Tang. 

1 Cotang. 1 Cosine. | 

0 

9.44034 

9.45750 

10.54250 

9.98284 

60 

0 

9.46594 

9.48534 

10.61466 

9.98060 

60 

1 

.44078 

.45797 

.54203 

.98281 

59 

i 

.46635 

.48579 

.61421 

.98056 

59 

2 

.44122 

.45845 

.54155 

.98277 

58 

2 

.46676 

.48624 

.61376 

.98052 

68 

8 

.44166 

.45892 

.54108 

.98273 

57 

3 

.46717 

.48669 

.61331 

.98048 

57 

4 

.44210 

.45940 

54060 

.98270 

56 

4 

.46758 

.48714 

.61286 

.98044 

56 

6 

9.44253 

9.45987 

10.54013 

9.98266 

55 

5 

9.46800 

9.48769 

10.61241 

9.98040 

55 

6 

.44297 

.46035 

.63965 

.98262 

54 

6 

.46841 

.48804 

.61196 

.98036 

54 

7 

.44341 

.46082 

.53918 

.98259 

53 

7 

.46882 

.48849 

.61151 

.98032 

53 

a 

.44385 

.46130 

.63870 

.98256 

62 

8 

.46923 

.48894 

.61106 

.98029 

52 

9 

.44428 

.46177 

.53823 

.98251 

51 

9 

.46964 

.48939 

.61061 

.98025 

51 

10 

9.44472 

9.46224 

10.53776 

9.98248 

50 

10 

9.47005 

9.48984 

10.51016 

9.98021 

50 

11 

.44516 

.46271 

.63729 

.98244 

49 

11 

.47045 

.49029 

.50971- 

.98017 

49 

12 

.44559 

.46319 

.53681 

.98240 

48 

12 

.47086 

.49073 

.50927 

.98013 

48 

13 

.44602 

.46366 

.53634 

.98237 

47 

13 

.47127 

.49118 

.50882 

.98009 

47 

14 

.44646 

.46413 

.53587 

.98233 

46 

14 

.47168 

.49163 

.50837 

.98005 

46 

15 

9.44689 

9.46460 

10.53540 

9.98229 

45 

15 

9.47209 

9.49207 

10.50793 

9.98001 

45 

16 

.44733 

.46507 

.53493 

.98226 

44 

16 

.47249 

.49252 

.50748 

.97997 

44 

17 

.44776 

.46554 

.63446 

.98222 

43 

17 

.47290 

.49296 

.50704 

.97993 

43 

18 

.44819 

.46601 

.53399 

.98218 

42 

18 

.47330 

.49341 

.50659 

.97989 

42 

19 

.44862 

.46648 

.53352 

.98215 

41 

19 

.47371 

.49385 

.60615 

.97986 

41 

30 

9.44905 

9.46694 

10.53306 

9.98211 

40 

20 

9.47411 

9.49430 

10.60570 

9.97982 

40 

21 

.44948 

.46741 

.53259 

.98207 

39 

21 

.47452 

.49474 

.50526 

.97978 

39 

22 

.44992 

.46788 

.53212 

.98204 

38 

22 

.47492 

.49519 

.50481 

.97974 

38, 

23 

.45035 

.46835 

.53165 

.98200 

37 

23 

.47533 

.49563 

.60437 

.97970 

37 

24 

.45077 

.46881 

.53119 

.98196 

36 

24 

.47573 

.49607 

.50393 

.97966 

36 

35 

9.45120 

9.46928 

10.53072 

9.98192 

35 

25 

9.47613 

9.49652 

10.50348 

9.97962 

35 

26 

.45163 

.46975 

.53025 

.98189 

34 

26 

.47654 

.40696 

.50304 

.97958 

34 

27 

.45206 

.47021 

.52979 

.98185 

33 

27 

.47694 

.49740 

.50260 

.97954 

33 

28 

.45249 

.47068 

.52932 

.98181 

32 

28 

.47734 

.49784 

.50216 

.97950 

32 

29 

.45292 

.47114 

.52886 

.98177 

31 

29 

.47774 

.49828 

.50172 

.97946 

31 

30 

9.45334 

9.47160 

10.52840 

9.98174 

30 

30 

9.47814 

9.49872 

10.50128 

9.97942 

30 

31 

.45377 

.47207 

.52793 

.98170 

29 

31 

.47854 

.49916 

.50084 

.97938 

29 

32 

.46419 

.47253 

.52747 

.98166 

28 

32 

.47894 

.49960 

.50040 

.97934 

28 

83 

.45462 

.47299 

.52701 

.98162 

27 

33 

.47934 

.50004 

.49996 

.97930 

27 

34 

.45504 

.47346 

.52654 

.98159 

26 

34 

.47974 

.50048 

.49952 

.97926 

26 

35 

9.45547 

9.47392 

10.52608 

9.98155 

25 

35 

9.48014 

9.50092 

10.49908 

9.97922 

25 

36 

.45589 

.47438 

.52562 

.98151 

24 

36 

.48054 

.50136 

.49864 

.97918 

24 

37 

.45632 

.47484 

.52516 

.98147 

23 

37 

.48094 

.50180 

.49820 

.97914 

23 

38 

.45674 

.47530 

.52470 

.98144 

22 

38 

.48133 

.50223 

.49777 

.97910 

22 

39 

.45716 

.47576 

.52424 

.98140 

21 

39 

.48173 

.50267 

.49733 

.97906 

21 

40 

9.45758 

9.47622 

10.52378 

9.98136 

20 

40 

9.48213 

9.50311 

10.49689 

9.97902 

20 

41 

.45801 

.47668 

.52332 

.98132 

19 

41 

.48252 

.50355 

.49645 

.97898 

19 

42 

.45843 

.47714 

.52286 

.98129 

18 

42 

.48292 

.50398 

.49602 

.97894 

18 

43 

.45885 

.47760 

.52240 

.98125 

17 

43 

.48332 

.50442 

.49558 

.97890 

17 

'44 

.45927 

.47806 

.52194 

.98121 

16 

44 

.48371 

.50485 

.49515 

.97886 

16 

45 

9.45969 

9.47852 

10.52148 

9.98147 

15 

45 

9.48411 

9.50529 

10.49471 

9.97882 

15 

46 

.46011 

i .47897 

.52103 

.98113 

14 

46 

.48450 

.50572 

i .49428 

.97878 

14 

47 

.46053 

.47943 

.52057 

.98110 

13 

47 

.48490 

.50616 

.49384 

.97874 

13 

48 

.46095 

.47989 

.52011 

.98106 

12 

48 

.48529 

.50659 

1 .49341 

.97870 

12 

49 

.46136 

.48035 

.51965 

.98102 

11 

49 

.48568 

.50703 

.49297 

.97866 

11 

80 

9.46178 

9.48080 

10.51920 

9.98098 

10 

50 

9.48607 

9.50746 

10.49254 

9.97861 

10 

51 

.46220 

.48126 

.51874 

.98094 

9 

51 

.48647 

.50789 

.49211 

.97857 

9 

52 

.46262 

.48171 

.51829 

.98090 

8 

52 

.48686 

.50833 

.49167 

.97853 

8 

53 

.46303 

.48217 

.51783 

.98087 

ml 

53 

.48725 

.50876 

.49124 

.97849 

7 

54 

.46345 

.48262 

.51738 

.98083 


54 

.48764 

.50919 

.49081 

.97845 

6 

85 

9.46386 

9.48307 

10.51693 

9.98079 

5 

55 

9.48803 

9.50962 

10.49038 

9.97841 

5 

56 

.46428 

.48353 

.51647 

.98075 

4 

56 

.48842 

.51005 

.48995 

.97837 

4 

57 

.46469 

.48398 

.51602 

.98071 

3 

57 

.48881 

.51048 

.48952 

.97833 

3 

58 

.46511 

.48443 

.51557 

.98067 

2 

58 

.48920 

.51092 

.48908 

.97829 

2 

59 

.46552 

.48489 

.51511 

.98063 

1 

59 

.48959 

.51135 

.48865 

.97825 

i 

00 

9.46594 

9.48534 

10.51466 

9.98060 

HI 

60 

9.48998 

9.51178 

10.48822 

9.97821 

0 


Cosine. 1 Cotang. 1 

Tang. 1 


HD 



Tang. 

Sine. 1 ' 


73® 72® 


♦Log secantcolog cosine —1—log cosine; log cosecant — colog sine — 
1—log sine. 

—^Log sec 16®- 30'—10.01826. Ex .—Log cosec 16®- 30' —10.54666* 
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3. Logarithmic Sines, Tangents. Cotangents. Cosines.—(C ont*d.) 
(Secants. Cosecants.)* 


is;_ 19 ^ 


' 1 

Sine. 1 

Tang. 1 Cotang, t Cosine. I 

ii 


Sine, i 

Tang. 1 Cotang. 1 Cosine, t 


0 

9.48998 

9.51178 

10.48822 

9.97821 

60 

0 

9.51264 

9.53697 

10.46303 

9.97567 

60 

1 

.49037 

.51221 

.487 7 9 

.97817 

59 

1 

.51301* 

.53738 

.46262 

.97563 

59 

2 

.49076 

.51264 

.48736 

.97812 

58 

2 

.51338 

.53779 

.46221 

.97558 

58 

3 

.49115 

.51306 

.48694 

.97808 

57 

3 

.51374 

.53820 

.46180 

.97554 

57 

4 

.49153 

.51349 

.48651 

.97804 

66 

4 

.51411 

.53861 

.46139 

.97550 

66 

5 

9.49192 

9.51392 

10.48608 

9.97800 

55 

5 

9.51447 

9.53902 

10.46098 

9.97545 

55 

6 

.49231 

.51435 

.48565 

.97796 

64 

6 

51484 

.53943 

.46057 

.97541 

54 

7 

.49269 

.51478 

.48522 

.97792 

53 

7 

.51520 

.53984 

.46016 

.97536 

53 

8 

.49308 

.51520 

.48480 

.97788 

52 

8 

.51557 

.64025 

.45975 

.97532 

53 

9 

.49347 

.51563 

.48437 

.97784 

51 

9 

.51593 

.54065 

.45935 

.97528 

51 

10 

9.49385 

9.51606 

10.48394 

9.97779 

50 

10 

9.51629 

9.54106 

10.45894 

9.97523 

50 

11 

.49424 

.51648 

.48352 

.97775 

49 

11 

.51666 

.54147 

.45853 

.97519 

49 

12 

.49462 

.51691 

.48309 

.97771 

48 

12 

.51702 

.54187 

.45813 

.97515 

48 

13 

.49500 

.51734 

.48266 

.97767 

47 

13 

.51738 

.54228 

.45772 

.97510 

47 

14 

.49539 

.51776 

.48224 

.97763 

46 

14 

.51774 

.54269 

.45731 

.97506 

46 

15 

9.49577 

9.51819 

10.48181 

9.97759 

45 

15 

9.51811 

9.54309 

10.45691 

9.97501 

45 

16 

.49615 

.51861 

.48139 

.97754 

44 

16 

.51847 

.54350 

.45650 

.97497 

44 

17 

.49654 

.51903 

.48097 

.97750 

43 

17 

.51883 

.54390 

.45610 

.97492 

43 

18 

.49692 

.51946 

.48054 

.97746 

42 

18 

.51919 

.54431 

.45569 

.97488 

42 

19 

.49730 

.51988 

.48012 

.97742 

41 

19 

.51955 

.54471 

.45529 

.97484 

41 

20 

9.49768 

9.52031 

10.47969 

9.97738 

40 

20 

9.51991 

9.54512 

10.45488 

9.97479 

40 

21 

.49806 

.52073 

.47927 

.97734 

39 

21 

.52027 

.54552 

.45448 

.97475 

39 

22 

.49844 

.52115 

.47885 

.97729 

38 

22 

.52063 

.54593 

.45407 

.97470 

38 

23 

.49882 

.52157 

,47843 

.97725 

37 

23 

.52099 

.54633 

.45367 

.97466 

37 

24 

.49920 

.52200 

.47800 

.97721 

36 

24 

.52135 

.54673 

.45327 

.97461 

36 

25 

9.49958 

9.52242 

10.47758 

9.97717 

35 

25 

9.52171 

9.54714 

10.45286 

9.97457 

35 

26 

.49996 

.52284 

.47716 

.97713 

34 

26 

.52207 

.54754 

.45246 

.97453 

34 

27 

.50034 

.52326 

.47674 

.97708 

33 

27 

.52242 

.54794 

.45206 

.97448 

33 

28 

.50072 

.52368 

.47632 

.97704 

32 

28 

.52278 

.54835 

.45165 

.97444 

32 

29 

.50110 

.52410 

.47590 

.97700 

31 

29 

..52314 

.54875 

.45125 

.97439 

31 

30 

9.50148 

9.52452 

10.47548 

9.97696 

30 

30 

9.52350 

9.54915 

10.45085 

9.97435 

30 

31 

.50185 

.52494 

.47506 

.97691 

29 

31 

.52385 

.64955 

.45045 

.97430 

29 

32 

.50223 

.52536 

.47464 

.97687 

28 

32 

.52421 1 

.54995 

.45005 

.97426 

28 

33 

.50261 

.52578 

.47422 

.97683 

27 

33 

.52456 

.55035 

.44965 

.97421 

27 

34 

.50298 

.52620 

.47380 

.97679 

26 

34 

.52492 

.55075 

.44925 

.97417 

26 

35 

9.50336 

9.52661 

10.47339 

9.97674 

25 

35 

9.52527 

9.55115 

10.44885 

9.97412 

25 

36 

.50374 

.52703 

.47297 

,97670 

24 

36j 

.52563 

.55155 

.44845 

.97408 

24 

37 

.50411 

.52745 

.47255 

.97666 

23 

37 

.52598 

.55195 

.44805 

.97403 

23 

38 

.50449 

.52787 

.47213 

.97662 

22 

38 

.52634 

.55235 

.44765 

.97399 

22 

39 

.50486 

.52829 

.47171 

.97657 

21 

39 

.52669 

.55275 

.44725 

.97394 

21 

40 

9.50523 

9.52870 

10.47130 

9.97653 

20 

40 

9.52705 

9.55315 

10.44685 j 

9.97390 

20 

41 

.50561 

.52912 

.47088 

.97649 

19 

41 

.52740 

.55355 1 

.44645 1 

.97385 

19 

42 

.50598 

.52953 

.47047 

.97645 

18 

42 

,52775 

.55395 

.44605 j 

.97381 

IS 

43 

.50635 

.52995 

.47005 

.97640 

17 

43 

.52811 

.55434 

.44566 ’ 

.97376 

17 

44 

.50673 

. 53037 

.46963 

.97636 

16 

44 

.52846 

.55474 

.44526 

.97372 

16 

45 

9.50710 

9.53078 

10.46922 

9.97632 

15 

45 

9.52881 

9.55514 

10.44486 

9.97367 

15 

46 

.50747 

.53120 

.46880 

.97628 

14 

46 

.52916 

.55554 

.44446 

.97363 

14 

47 

.50784 

.53161 

.46839 

.97623 

13 

47 

.52951 

.65593 

.44407 

.97358 

13 

48 

.50821 

.53202 

.46798 

.97619 

12 

48 

.52986 

.55633 

.44367 

.97353 

12 

49 

.50858 

.53244 

.46756 

.97615 

11 

49 

.53021 

.55673 

.44327 

.97349 

11 

50 

9.50896 

9.53285 

10.46715 

9.97610 

10 

50 

9.53056 

9.55712 

10.44288 

9.97344 

10 

51 

..50933 

.53327 

.46673 

.97606 

9 

51 

.53092 

.55752 

.44248 

.97340 

9 

52 

.50970 

.53368 

.46632 

.97602 

8 

52 

.53126 

.55791 

.44209 

.97335 

8 

53 

.51007 

.53409 

.46591 

.97597 

7 

53 

.53161 

.55831 

.44169 

.97331 

7 

64 

.51043 

.53450 

.46550 

.97593 

6 

54 

.53196 

.55870 

.44130 

.97326 

6 

55 

9.51080 

9.53492 

10.46508 

9.97589 

5 

55 

9.53231 

9.55910 

10.44090 

9.97322 

5 

66 

.51117 

.63533 

.46467 

.97584 

4 

56 

.53266 

.55949 

.44051 

.97317 

4 

57 

.51154 

.53574 

.46426 

.97580 

3 

57 

.53301 

.55989 

.44011 

.97312 

3 

58 

.51191 

.53615 

.46385 

.97576 

2 

58 

.53336 

.56028 

.43972 

.97308 

3 

59 

.51227 

.53656 

.46344 

.97571 

1 

59 

.53370 

.56067 

.43933 

.97303 


60 

9.61264 

9.53697 

10.46303 

9.97567 

0 

60 

9.53405 

9.56107 

10.43893 

9.97299 

O 


Cosine. 

ICotang.l Tang. 

1 Sine. 1 ' 

11 

1 Cosine. ICotang.l Tang. 

Sine. 

Z!L 


710 700 


♦Log secant“colog cosine«» 1 — log cosine; log cosecant-"colog sino¬ 
log sine. 

£*.—Log sec 18®- Z(r - 10.02304. Ex.—Log cosec 18®- 3(K-10.49852. 
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Ix>garitliiiilc Sines, Tanobnts, Cotanobnts, Cosxkbs.—(C ont’d.) 
(Sbcants, Cosbcants.)* 


2QO _ 21^ 


' 1 

Sine. 

Tang. I 

1 

1 

ii 

' 1 

Sine. 

Tang. 1 Cotang, i Cosine. I 


0 

9.53405 

9.66107 

10.43893 

9.97299 

60 

0 

9.55433 

9.58418 

10.41582 

9.97015 

60 

1 

.53440 

.56146 

.43854 

.97294 

59 

1 

.55466 

.58455 

.41545 

.97010 

59 

2 

.53475 

.56185 

.43815 

.97289 

58 

2 

.55499 

.58493 

.41507 

.97005 

58 

3 

.53509 

.56224 

.43776 

.97285 

67 

3 

.55532 

.58531 

.41469 

.97001 

57 

4 

.53544 

.56264 

43736 

.97280 

56 

4 

.55564 

.58569 

.41431 

.96996 

56 

5 

9.^578 

9.56303 

10.43697 

9.97276 

55 

5 

9.55597 

9.58606 

10.41394 

9.96991 

55 

6 

.53613 

.56342 

.43658 

.97271 

54 

6 

.55630 

.58644 

.41356 

.96986 

54 

7 

.53647 

.56381 

.43619 

.97266 

53 1 

7 

.55663 

.58681 

.41319 

.96981 

S3 

8 

.53682 

.56420 

.43580 

.97262 

52 

8 

.55695 

.58719 

.41281 

.96976 

52 

9 

.53716 

.56459 

.43541 

.97257 

51 

9 

.65728 

.58757 

.41243 

.96971 

61 

10 

9.53751 

9.56498 

10.43502 

9.97252 

50 

10 

9.55761 

9.58794 

10.41206 

9.96966 

50 

11 

.53785 

.56537 

.43463 

.97248 

49 

11 

.65793 

.58832 

.41168 

.96962 

49 

12 

.53819 

.56576 

.43424 

.97243 

A8 

12 

.55826 

.58869 

.41131 

.96957 

48 

13 

.53854 

.56615 

.43385 

.97238 

47 

13 

.55858 

.58907 

.41093 

.96952 

47 

14 

.53888 

.56654 

.43346 

.97234 

46 

14 

.55891 

.58944 

.41056 

.96947 

46 

15 

9.53922 

9.56693 

10.43307 

9.97229 

45 

15 

9.55923 

9.58981 

10.41019 

9.96942 

45 

16 

.53957 

.56732 

.43268 

.97224 

44 

16 

1 .55956 

.59019 

.40981 

.96937 

44 

17 

.53991 

.56771 

.43229 

.97220 

43 

17 

.55988 

.59056 

.40944 

.96932 

43 

18 

.54025 

.56810 

.43190 

.97215 

42 

18 

.56021 

.59094 

.40906 

.96927 


19 

.54059 

.56849 

.43151 

.97210 

41 

19 

.56053 

.59131 

.40869 

1 .96922 

41 

20 

9.54093 

9.56887 

10.43113 

9.97206 

40 

20 

9.56085 

9.59168 

10.40832 

9.96917 

40 

21 

.54127 

.56926 

.43074 

.97201 

39 

21 

.66118 

.59205 

.40795 

.96912 

39 

22 

.54161 

.56965 

.43035 

.97196 

38 

22 

.56150 

.59243 

.40767 

.96907 

38 

23 

.54195 

.57004 

.42996 

.97192 

37 

23 

.56182 

.59280 

.40720 

.96903 

37 

24 

.54229 

.57042 

.42958 

.97187 

36 

24 

.56215 

.59317 

.40683 

.96898 

36 

35 

9.54263 

9.57081 

10.42919 

9.97182 

35 

25 

9.56247 

9.59354 

10.40646 

9.96893 

35 

26 

.54297 

.57120 

.42880 

.97178 

34 

26 

.56279 

.59391 

.40609 

.96888 

34 

27 

.54331 

.57158 

.42842 

.97173 

33 

27 

.56311 

.59429 

40571 

.96883 

33 

28 

.54365 

.57197 

.42803 

.97168 

32 

28 

.56343 

.59466 

.40534 

.96878 

32 

29 

.54399 

.57235 

.42765 1 

.97163 

31 

29 

.56375 

.59503 

.40497 

.96873 

31 

30 

9.54433 

9.57274 

10.42726 

9.97159 

30 

30 

9.56408 

9.59540 

10.40460 

9.96868 

30 

31 

.54466 

.57312 

.42688 

.97154 

29 

31 

.56440 

.59577 

.40423 

.96863 

29 

32 

.54500 

,57351 . 

.42649 j 

.97149 

28 

32 

.56472 

.59614 

.40386 

.96858 

28 

33 

.54534 

.57389 

.42611 

,97145 

27 

33 

.56504 

.59651 

.40349 

.96853 

27 

34 

.54567 

.67428 

.42572 

.97140 

26 

34 

.56536 

.59688 

.40312 

.96848 

2 $ 

35 

9.54601 

9.57466 

10.42534 

9.97135 

25 

35 

9.56568 

9,59725 

10.40275 

9.96843 

25 

36 

.54635 

.57504 

.42496 

.97130 

24 

36 

,56599 

.59762 

.40238 

.96838 

24 

37 

.54668 

.57543 

.42457 

.97126 

23 

37 

.56631 

.59799 

.40201 

.96833 

23 

38 

.54702 

.57581 

.42419 

.97121 

22 

38 

.56663 

.59835 

.40165 

.96828 

22 

39 

.54735 

.67619 

.42381 

.97116 

21 

39 

.56695 

-.59872 

.40128 

.96823 

21 

40 

9.54769 

9.57658 

10.42342 

9.97111 

20 

40 

9.66727 

9.59909 

10.40091 

9.96818 

20 

41 

.64802 

.57696 

.42304 

,97107 

19 

41 

.56759 

.6994$ 

.40054 

.96813 

19 

42 

.54836 

.57734 

.42266 

,97102 

18 

42 

.56790 

.59983 

.40017 

.96808 

18 

43 

.54869 

.57772 

.42228 

.97097 

17 

43 

.56822 

.60019 

.39981 

.96803 

17 

44 

.54903 

.57810 

.42190 

.97092 

16 

44 

.56854 

.60056 

.39944 

.96798 

16 

45 

9.54936 

9.57849 

10.42151 

9.97087 

15 

45 

9.56880 

9.60093 

10.39907 

9.96793 

15 

46 

.54969 

.57887 

.42113 

.97083 

14 

46 

.56917 

.60130 

.39870 

.96788 

14 

47 

.55003 

.57925 

.42075 

.97078 

13 

47 

.56949 

.60166 

.39834 

.96783 

13 

48 

i55036 

.57963 

.42037 

,97073 

12 

48 

.56980 

.60203 

.39797 

.96778 

12 

49 

.55069 

.58001 

.41999 

.97068 

11 

49 

,57012 

.60240 

.39760 

.96772 

11 

50 

9.55102 

9.58039 

10.41961 

9,97063 

10 

SO 

9,57044 

9.60276 

10.39724 

9.96767 

10 

51 

.55136 

.58077 

.41923 

.97059 

9 

51 

.67075 

.60313 

.39687 

.96762 

9 

52 

.55169 

.58115 

.41885 

.97054 

8 

62 

.67107 

.60349 

.39651 

.96757 

8 

53 

.55202 

.58153 

.418^,7 

.97049 

7 

53 

.57138 

.60386 

.39614 

.96752 

7 

54 

.55235 

.58191 

.41809 

,97044 

6 

54 

.57169 

.60422 

.39578 

.96747 

6 

55 

9.55268 

9.58229 

10.41771 

9.97039 

5 

55 

9,57201 

9.60459 

10.39541 

9.96742 

5 

56 

.55301 

.58267 

.41733 

.97035 

4 

56 

.57232 

.60495 

.39505 

.96737 

4 

57 

.55334 

.58304 

.41696 

.97030 

3 

57 

.57264 

.60532 

.39468 

.96732 

3 

58 

.55367 

.58342 

.41658 

.97025 

2 

58 

.57295 

.60568 

.39432 

.96727 

2 

59 

.55400 

.58380 

.41620 

,97020 

1 

59 

.67326 

.60605 

,39395 

.96722 

1 

eo 

9.55433 

9.58418 

10.41582 

9.97015 

0 

00 

9.57358 

9.60641 

10.39359 

9,96717 

0 


1 Cosine. lOotang.l Tang, i 

Sine. 1 

1 ' 

1 1 Cosine. 1 Cotang. | Tang. 

1 Sine. 



69 ® 68 ® 


*Losr secant««colos cosine —1 —log cosine; log cosecant —colog sine — 
^ sine. 

&.^Log sec 20®- Z(y —10.02841. Ex, —Log cosec 20®- SO' —10.45507* 


1 
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3.*— Logaiitlrniic Sines, TaiTqbnts, Cotanobnts, Cosxkbs.-—(C oiit*d.) 
(SbCAKTS« CbSBCANTS.)* 


22 ®__ 23 ^ 


' 1 

Sine. 1 Tang.-1 Ck>tang. { Cosine. | 

i 

• 1 

Sine. 1 

Tang. { Cotang. (Cosine. 


0 

9.57358 

9.60641 

10.39359 

9.96717 

60 

0 

9.59188 

9,62785 

10.37215 

9.96408 

SO 

I 

.57389 

.60677 , 

.39323 

.96711 

59 

1 

.59218 

.62820 

.37180 . 

.96897 

69 

2 

.57420 

.60714 

•39286 

.96706 

58 

2 

.59247* 

.*62855 

.37145 

.96392 

68 

.3 

.57451 

.60750 

.39250 

.96701 

57 

3 

.59277 

.62890 

.37110 

.96387 

67 

A 

.57482 

.60786 

;39214 

.96696 

56 

4 

.59307 

.62926 

.37074 

.96381 

68 

S 

9.57514 

9.60823 

10.39177 

9.96691 

55 

5 

9.59335 

9.62961 

10.37039 

9.96376 

85 

6 

.57545 

.00859 

.39141 

.96686 

54 

6 

.59366 

.62996 

.37004 

.96370 

54 

7 

,57576 

.60895 

.39105 

.96681 

53 

7 

.69396 

.63031 

.36969 

.96365 

63 

8 

.57607 

.60931 

.39069 

.96676 

62 

8 

.5Q425 

.63066 

.36934 

.96360 

62 

9 

.57638 

.60967 

.39033 

.96670 

61 

9 

.59456 

.63101 

.36899 

.96354 

61 

10 

9.57669 

9.61004 

IQ. 38996 

9.96666 

50 

10 

9.69484 

9.63135 

10.36865 

9.96349 

50 

11 

.67700 

.61040 

.38960 

.96660 

49 

11 

.59514 

.63170 

.36830 

.96343 

49 

12 

.57731 

.61076 

.38924 

.96655 

48 

12 

.59543 

.63205 

.36795 

.96338 

48 

13 

.57762 

.61112 

.38888 

.96650 

47 

13 

.59573 

.63240 

.36760 

.96333 

47 

14 

.57793 

.61148 

.38852 

.96645 

46 

14 

.59602 

.63275 

.36725 

.96327 

48 

15 

9.57824 

9.61184 

10.38816 

9.96640 

45 

15 

9.59632 

9.63310 

10.36690 

9.96322 

45 

16 

.57855 

.61220 

.38780 

.96634 

44^ 

16 

.59661 

.63345 

.36655 

.96316 

44 

17 

.57885 

.61256 

^38744 

.96629 

43 

17 

.59690 

.63379 

..36621 

.96311 

43 

18 

.57916 

.61292 

.38708 

96624 

42 

18 

.59720 

.63414 

.36586 

.96305 

42 

19 

.67947 

.61328 

.38672 

.96619 

41 

19 

.59749 

.63449 

.36551 

.96300 

41 

20 

9.57978 

9.61364 

10.38636 

9.96614 

40 

20 

9.59778 

9.63484 

10.36516 

9.96294 

40 

21 

.58008 

.61400 

.38600 

.96608 

39 

21 

.59808 

.63519 

.36481 

.96289 

39 

22 

.58039 

.61436 

.38564 

.96603 

38 

22 

.59837 

.63553 

.36447 

.'96284 

38 

23 

.58070 

.61472 

.38528 

.96598 

37 

23 

.59866 

.63588 

.36412 

.96278 

37 

24 

.58101 

.61508 

.38492 

.96593 

36 

24 

.59895 

.63623 

.36377 

.96273 

38 

25 

9.58131 

9.61544 

10.38456 

9.96588 

35 

25 

9.59924 

9.63657 

10.36343 

9.96267 

35 

26 

.58162 

.61579 

.38421 

.96582 

34 

26 

.59954 

63692 

.36308 

.96262 

34 

27 

.58192 

.61615 

.38385 

.96577 

33 

27 

.59983 

.63726 

.36274 

.96256 

33 

28 

.58223 

.61651 

.38349 

.96572 

32 

28 

.60012 

.63761 

.36239 

.96251 

32 

29 

.58253 

.61687 

.38313 

.96567 

31 

29 

.60041 

.63796 

.36204 

.96245 

31 

30 

9.58284 

9.61722 

10.38278 

9.96562 

30 

30 

9.60070 

9.63830 

10.36170 

9.96240 

30 

31 

.58314 

.61758 

.38242 

.96556 

29 

31 

.60099 

.63865 

.36135 

.96234 

29 

32 

.58345 

,61794 

.38206 

.96551 

28 

32 

.60128 

.63899 

.36101 

.96229 

28 

33 

.58375 

.61830 

.38170 

.96546 

27 

33 

.60157 

.63934 

.36066 

.96223 

27 

34 

.58406 

.61865 

.38135 

.96541 

26 

34 

.60186 

.63968 

.36032 

.96218 

28 

35 

9.58436 

9.61901 

10.38099 

9.96535 

25 

35 

9.60215 

9.64003 

10.35997 

9.96212 

25 

36 

.58467 

.61936 

.38064 

.96530 

24 

36 

.60244 

.64037 

.35963 

.96207 

24 

37 

.58497 

•61972 

.38028 

.96525 

23 

37 

.60273 

.64072 

.35928 

.96201 

23 

38 

.58527 

.62008 

.37992 

.96520 

22 

38 

.60302 

.64106 

.35894 

.96196 

22 

39 

.58557 

.62043 

.37957 

.96514 

21 

39 

.60331 

.64140 

.35860 

.96190 

21 

40 

9.58588 

9.62079 

10.37921 

9.96509 

20 

40 

9.60359 

9 64175 

10.35825 

9.96185 

20 

41 

.58618 ; 

.62114 

.37886 

.96504 

19 

41 

.60388 

.64209 

.35791 

.96179 

19 

42 

.58648 

.62150 

.37850 

.96498 

18 

42 

.60417 

.64243 

.36767 

.96174 

18 

43! 

.58678 

.62185 

.37815 

.96493 

17 

43 

.60446 

.64278 

.35722 

.96168 

17 

44| 

.58709 

.62221 

.37779 

.96488 

16 

44 

.60474 

.64312 

.35688 

.96162 

18 

45 

9.58739 

9.62256 1 

10.37744 1 

9.96483 

15 

45 

9.60503 

9.64346 

10.35654 

9.96157 

15 

46 

.68769 

.62292 

.37708 

.96477 

14 

46 

.60532 

.64381 

.35619. 

.96151 

14 

47 

.58799 

.62327 

.37673 I 

.96472 

13 

47 

.60561 

.64415 

.35585 

.96146 

13 

48 

.58829 

.62362 

.37638 

.96467 

12 

48 

.60589 

.64449 

.35551 

.96140 

12 

49 

.58859 

.62398 

.37602 

.96461 

11 

49 

.60618 

.64483 

.35517 

.96135 

11 

so 

9.58889 

9.62433 

10.37567 

9.96456 

10 

50 

9.60646 

9.64517 

10.35483 

9.96129 

10 

51 

.58919 

.62468 

.37532 

.96451 

9 

51 

.60675 

.64552 

.35448 

.96123 

9 

52 

.58949 

.62504 

.37496 

.96445 

8 

52 

.60704 

.64586 

.35414 . 

.96118 

8 

53 

.58979 

.62539 

.37461 

.96440 

7 

63| 

.60732 

.64620 

.35380 

>96112 

7 

54 

.59009 

.62574 

.37426 

.96435 

6 

54 

.60761 

.64654 

.35346 

.96107 

8 

55 

9.59039 

9.62609 

10.37391 

9.96429 

5 

55 

9.60789 

9.64688 

10.35312 

9.96101 

5 

56 

.59069 

.62645 

.37355 

.96424 

4 

66 { 

.60818 

.64722 

.35278 

.96095 

4 

57 

.59098 

.62680 

.37320 

.96419 

3 

671 

.60846 

.64756 

.35244 

.96090 

3 

58 

.59128 

.62715 

.37285 

.96413 

2 

58 

.60876 

.64790 

.35210 

.96084 

2 

59 

.59158 

.62750 

.37250 

.96408 

1 

59 

.60903 

.64824 

.35176 

.96079 

1 

60 

9.69188 

9.62785 

10.37215 

9.96403 

0 

60 

9.60931 

9.64858 

10.35142 

9.96073 

O 


{Cosine. {Cotang. { 

Tang. { 

Sine. { 

* 

1 Cosine. 

Cotang. { 

Tang. ! 

Sine. ' 



_ ^ 


*Log secant""colog cosine-* 1 — log cosine; log cosecant-*colog sine** 
I —log sine. 

Ex.-^hog sec 22®- 3(K -10.03438. -Log cosec 22®- ZV • 10.41710* 
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S.—Logarithmic Sines, Tangents. Cotangents. Cosines.— (Cont’d.) 
(Secants. Cosecants.)* 


24®_25® 



Sine. 

Tang. 

Cotang. 1 Cosine. 

1 11 ' 

Sine. 

Tang. 1 Cotang, i Cosine. 

* 

0 

9.60931 

9.64858 

10.35142 

9.96073 

60 

0 

9.62595 

9.66867 

10.33133 

9.95728 

SO 

1 

.60960 

.64892 

.35108 

.96067 

59 

1 

.62622 

.66900 

.33100 

.95722 

59 

2 

.60988 

.64926 

.85074 

.96062 

58 

2 

.62649 

.66933 

.33067 

.95716 

58 

8 

.61016 

.64960 

.35040 

.96056 

57 

3 

.62676 

.66966 

.33034 

.95710 

57 

4 

.61045 

.64994 

.35006 

.96050 

56 

4 

.62703 

.66999 

.33001 

.95704 

56 

8 

9.61073 

9.65028 

10.34972 

9.96045 

55 

5 

9.62730 

9.67032 

10.32968 

9.95698 

55 

6 

.61101 

.65062 

.34938 

.96039 

54 

6 

.62757 

.67065 

,.32935 

.95692 

54 

7 

.61129 

.65096 

.34904 

.96034 

53 

7 

.62784 

.67098 

.32902 

.95686 

53 

8 

.61158 

.65130 

.34870 

.96028 

52 

8 

.62811 

:67131 

.32869 

.95680 

52 

9 

.61186 

.65164 

.34836 

.96022 

51 

9 

.62838 

.67163 

.32837 

.95674 

51 

10 

9.61214 

9.65197 

10.34803 

9.96017 

50 

10 

9.62865 

9.67196 

10.32804 

9.95668 

50 

11 

.61242 

.65231 

.34769 

.96011 

49 

11 

.62892 

-.67229 

.32771 

.95663 

49 

12 

.61270 

.65265 

.34735 

.96005 

48 

12 

.62918 

.67262 

.32738 

.95657 

48 

13 

.61298 

.65299 

.34701 

.96000 

47 

13 

.62945 

.67295 

.32705 

.95651 

47 

14 

.61326 

.65333 

.34667 

.95994 

46 

14 

.62972 

.67327 

.32673 

.95645 

46 

15 

9.61354 

9.65366 

10.34634 

9.95988 

45 

15 

9.62999 

9.67360 

10.32640 

9.95639 

45 

16 

.61382 

.6d400 

.34600 

.95982 

44 

16 

.63026 

.67393 

.32607 

.95633 

44 

17 

.61411 

.65434 

.34566 

-.95977 

43 

17 

.63052 

.67426 

.32574 

.95627 

43 

18 

.61438 

.65467 

.34533 

.95971 

42 

18 

.63079 

.67458 

.32542 

.95621 

42 

19 

.61466 

.65501 

.34499 

.95965 

41 

19 

.63106 

.67491 

.32509 

.95615 

41 

20 

9.61494 

9.65535 

10.34465 

9.95960 

40 

20 

9.63133 

9.67524 

10.32476 

9.95609 

40 

21 

.61522 

.65568 

.34432 

.95954 

39 

21 

.63159 

.67556 

.32444 

. .95603 

39 

22 

.61550 

.65602 

.34398 

.95948 

38 

22 

.63186 

.67589 

.32411 

.95597 

38 

23 

.61578 

465636 

.34634 

.95942 

37 

23 

.63213 

.67622 

.32378 

.95591 

37 

24 

.61606 

.65669 

.34331 

.95937 

36 

24 

.63239 

.67654 

.32346 

.95585 

36 

25 

9.61634 

9.65703 

10.34297 

9.95931 

35 

25 

9.63266 

9.67687 

10.32313 

9.95579 

35 

26 

.61662 

.65736 

.34264 

.95925 

34 

26 

.63292 

.67719 

.32281 

.95573 

34 

27 

.61689 

.65770 

•34230 

• 95920 

33 

27 

63319 

.67752 

.32248 

.95567 

33 

28 

.61717 

.65803 

.34197 

.95914 

32 

28 

.63345 

.67785 

.32215 

.95561 

32 

29 

.61745 

.65837 

.34163 

.95908 

31 

29 

.63372 

.67817 

.32183 

.95555 

31 

30 

9.61773 

9.65870 

10.34130 

9.95902 

30 

30 

9.63398 

9.67850 

10.32150 

9.95549 

30 

31 

.61800 

.65904 

.34096 

.95897 

29 

31 

.63425 

.67882 

.32118 

.95543 

29 

32 

.61828 

.65937 

.34063 

.95891 

28 

32 

.63451 

I .67915 

.32085 

1 .95537 

28 

33 

.61856 

.65971 

.34029 

.93885 

27 

33 

.63478 

i .67947 

.32053 

.95531 

27 

34 

.61883 

.66004 

.33996 

-95879 

26 

34 

.63504 

.67980 

.32020 

.95525 

26 

35 

9.61911 

9.66038 

10.33962 

9.95873 

25 

35 

9.63531 

9.68012 

10.31988 

9.95519 

25 

36 

.61939 

.66071 

.33929 

-95868 

24 

36 

.63557 

.68044 

.31956 

.95513 

24 

37 

.61966 

.66104 

.33896 

.95862 

23 

37 

.63583 

.68077 

.31923 

.95507 

23 

38 

.61994 

.66138 

.33862 

.95856 

22 

38 

.63610 

.68109 

.31891 

.95500 

22 

39 

.62021 

.66171 

.33829 

.95850 

21 

39 

.63636 

.68142 

.31858 

.95494 

21 

40 

9.62049 

9.66204 

10.33796 

9.95844 

20 

40 

9.63662 

9.68174 

10.31826 

9.95488 

20 

41 

.62076 

.66238 

.33762 

.95839 

19 

41 

.63689 

.68206 

.31794 

1 .95482 

i 19 

42 

.62104 

.66271 

.33729 

,95833 

18 

42 

.63715 

.68239 

.31761 

.95476 

i 18 

43 

.62131 

.66304 

.33696 

.95827 

17 

43 

.63741 

.68271 

.31729 

.95470 

17 

44 

.62159 

.66337 

.33663 

.95821 

16 

44 

.63767 

.68303 

.31697 

.95464 

16 

45 

9.62186 

9.66371 

10.33629 

9.95815 

15 

45 

9.63794 

9.68336 

10.31664 

9.95458 

15 

46 

.62214 

.66404 

.33596 

.95810 

14 

46 

.63820 

.68368 

.31632 

.95452 

14 

47 

.62241 

.66437 

.33563 

.95804 

13 

47 

.63846 

.68400 

.31600 

.95446 

13 

48 

.62268 

.66470 

'.33530 

.95798 

12 

48 

.63872 

.68432 

.31568 

.95440 

12 

49 

.62296 

.66503 

,33497 

.95792 

11 

49 

.63898 

.68465 

.31635 

.95434 

11 

50 

9.62323 

9.66537 

10.33463 

9.95786 

10 

50 

9.63924 

9.68497 

10.31503 

9.95427 

10 

61 

.62350 

.66570 

.33430 

.95780 

9 

51 

.63950 

.68529 

,31471 

.95421 

9 

52 

.62377 

.66603 

.33397 

.95775 

8 

52 

.63976 

.68561 

.31439 

.95415 

8 

53 

.62405 

.66636 

.33364 

.95769 

7 

53 

.64002 

.68593 

.31407 

.95409 

7 

54 

.62432 

.66669 

.33331 

.95763 

6 

54 

.64028 

.68626 

.31374 

.95403 

6 

55 

9.62459 

9.66702 

10.33298 

9.95757 

5 

55 

9.64054 

9.68658 

10.31342 

9.95397 

5 

56 

.62486 

.66735 

.33265 

.95751 

4 

56 

.64080 

.68600 

: .31310 

.95391 

4 

57 

.62513 

.66768 

.33232 

.95745 

3 

67 

.64106 

.68722 

.31278 

.95384 

3 

58 

.62541 

,66801 

.33199 

.95739 

2 

58 

.64132 

.68754 

.31246 

.95378 

2 

69 

.62568 

.66834 

.33166 

.95733 

1 

59 

.64158 

.68786 

.31214 

1 .95372 

1 

60 

9.62595 

9.66867 

i 

10.33133 

9.95728 

0 

60 

9.64184 

9.68818 

10.31182 

9.95366 

0 


Cosine. 

Cotabg. 

Tang. 

Sine. 



Cosine. 1 Cotang. 

Tang. 

Sine. 



650-^ gp 


♦Log secantcolog cosme«»l—log cosine; log cosecantcolog sineas 
t—log sine. 

^jcL—Log sec 24®- 3^'*lO.04098. cosec 24®- 30'-10.33227* 
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3.— Logarithmic Sines, Tancbnts. Cotangents. Cosines.— (Cont'd.) 
(Secants. Cosecants.)* 


26 * _^ 



Sine. 

Tang. 1 Cotang, i Cosine. I II ' 

i Sine. 

1 Tang. 1 

Co tang. 

1 Coslne.l 

0 

9.64184 

9.68818 

10.31182 

9.95366 

60 

0 

9.65705 

9.70717 

10.29283 

9 94988 

60 

1 

.64210 

.68850 

.31150 

.95360 

59 

1 

.65729 

.70748 

.29252 

.94982 

59 

2 

.64236 

.68882 

.31118 

.95354 

58 

2 

.65754 

*.70779 

.29221 

.94975 

58 

3 

.64262 

.68914 

.31086 

.95348 

57 

3 

.65779 

.70810 

.29190 

.94969 

57 

4 

.64288 

.68946 

.31054 

.95341 

56 

4 

.65804 

.70841 

.29159 

.94962 

56 

5 

9.64313 

9.68978 

10.31022. 

9.95335 

55 

5 

9.65826 

9.70873 

10.29127 

9.94956 

55 

6 

.64339 

.69010 

.30990 

.95329 

54 

6 

.65853 

.70904 

.2909$ 

. 94949 

54 

7 

.64365 

.69042 

.30958 

.95323 

53 

7 

.6*^878 

.70935 

.29065 

.94943 

63 

8 

.64391 

.69074 

.30926 

.95317 

52 

8 

.65902 

.70966 

.29034 

.94936 

52 

9 

.64417 

.69106 

.30894 

.95310 

51 

9 

.65927 

.709L'7 

.29003 

.94930 

51 

10 

9.64442 

9.69138 

10.30862 

9.95304 

50 

10 

9.65952 

9.71028 

10. .:8972 

9.94923 

50 

11 

.64468 

.69170 

.30830 

.96298 

49 

11 

.65P76 

.71059 

.28941 

.94917 

49 

12 

.64494 

.69202 

.30798 

.95292 

48 

12 

.66001 

.71090 

.28910 

.94911 

48 

13 

.64519 

.69234 

.30766 

.95286 

47 

13 

.66025 

.71121 

.28879 

. 94904 

47 

14 

.64545 

.69266 

.30734 

.95279 

46 

14 

.66050 

.;il53 

.28847 

.94898 

46 

15 

9.64571 

9.69298 

10.30702 

9.95273 

45 

15 

9.66075 

9.71184 

10.28816 

9.94891 

45 

16 

.64596 

.69329 

.30671 

.95267 

44 

16 

.66099 

.71215 

.28785 

. 94885 

44 

17 

.64622 

.69361 

.30639 

.95261 

43 

17 

.66124 

.71246 

.28754 

.94878 

43 

18 

.64647 

.69393 

.30607 

.952.54 

42 

18 

.66148 

.71277 

.28723 

.94871 

42 

19 

.64673 

.69425 

.30575 

.95248 

41 

19 

.66173 

.71303 

.28692 

.94865 

41 

20 

9.64698 

9.69457 

10.30543 

9.95242 

40 

20 

9.66197 

9.71339 

10 28661 

9.94858 

40 

21 

.64724 

.69488 

.30512. 

.95236 

39 

21 

.66221 

.71370 

.28630 

.94852 

39 

22 

.62749 

.69520 

.30480 

.95229 

38 

22 

.66246 

.71401 

.28599 

.94845 

38 

23 

.64775 

.69552 

.30448 

.95223 

37 

23 

.66270 

.71431 

.28569 

.94839 

37 

24 

.64800 

.69584 

.30416 

.95217 

36 

24 

.66295 

.71462 

.28538 

.94832 

36 

25 

9.64826 

9.69615 

10.30385 

9.95211 

35 

25 

9.66319 

9.71493 

10.28507 

9.94826 

J5 

26 

.64851 

.69647 

.30353 

.95204 

34 

26 

.66343 

.71524 

.28476 

.94819 

34 

27 

.64877 

.69679 

.30321 

.95198 

33 

27 

.66368 

.71555 

.28445 

.94813 

33 

28 

.64902 

.69710 

.30290 

.95192 

32 

28 

.66392 

.71586 

.28414 

.94806 

33 

29 

.64927 

.69742 

.30258 

.95185 

31 

29 

.66416 

.71617 

.28383 

.94799 

31 

30 

9.64953 

9.69774 

10.30226 

9.95179 

30 

30 

9.66441 

9.71648 

10.28352 

9,94793 

30 

31 

.64978 

.69805 

.30195 

.95173 

29 

31 

.66465 

.71679 

.28321 

.94786 

29 

32 

.65003 

.69837 

.30163 

.95167 

28 

32 

.66489 

.71709 

.28291 

.94780 

28 

33 

.65029 

.69868 

.30132 

.95160 

27 

33 

.66513 

.71740 

.28260 

.94773 

27 

34 

.65054 

.69900 

.30100 

.95154 

26 

34 

.66537 

.71771 

.28229 

.94767 

26 

35 

9.65079 

9.6993^ 

10.30068 

9.95148 

25 

35 

9.66562 

9.71802 

10.28198 

9.94760 

25 

36 

.65104 

.69963 

.30037 

.95141 

24 

36 

.66586 

.71833 

.28167 

.94753 

24 

37 

.65130 

.69995 

.30005 

.9,5135 

23 

37 

.66610 

.71863 

1 .28137 

.94747 

23 

3a 

.65155 

.70026 

.29974 

.95129 

22 

38 

.66634 

.71894 

.28106 

.94740 

22 

39 

.65180 

.70058 

.29942 

.95122 

21 

39 

.66658 

.71925 

.28075 

.94734 

21 

40 

9.65205 

9.70089 

10.29911 

9.95116 

20 

40 

9.66682 

9.71955 

10.28045 

9.94727 

20 

41 

.65230 

.70121 

.29879 

.95110 

19 

41 

.66706 

.71986 

i .28014 

.94720 

19 

42 

.65255 

.70152 

.29848 

.95103 

18 

42 

.66731 

.72017 

1 .27983 

.94714 

18 

43 

.65281 

.70184 

.29816 

.95097 

17 

43 

.66755 

.72048 

1 .27952 

.94707 

17 

44 

.65306 

.70215 

.29785 

.95090 

16 

44 

.66779 

.72078 

.27922 

.94700 

16 

45 

9.66331 

9.70247 

10.29753 

9.95084 

15 

45 

9.66803 

9.72109 

10.27891 

9.94694 

15 

46 

.65356 

.70278 

.29722 

.95078 

14 

46 

.66827 

.72140 

.27860 

.94687 

14 

47 

.65381 

.70309 

.29691 

.95071 

13 

47 

1 .66851 

.72170 

.27830 

.94680 

13 

48 

.65406 

.70341 

.29659 

.95065 

12 

48 

.66875 

.72201 

.27799 

.94674 

12 

49 

.65431 

.70372 

.29628 

.95059 

11 

49 

.66899 

.72231 

.27769 

.94667 

11 

50 

9.65456 

9.70404 

10.29596 

9.95052 

10 

50 

9.66922 

9.72262 

10.27738 

9.94660 

10 

51 

.65481 

.70435 

.29565 

.95046 

9 

51 

.66946 

.72293 

.27707 

.94654 

9 

52 

.65506 

.70466 

.29534 

.95039 

8 

52 

.66970 

.72323 

.27677 

.94647 

8 

53 

.65531 

.70498 

.29502 

.95033 

7 

53 

.66994 

.72354 

.27646 

.94640 

7 

54 

.65556 

.70529 

.29471 

.95027 

6 

64 

.67018 

.72384 

.2761$ 

.94634 

6 

55 

9.66580 

9.70560 

10.29440 

9.95020 

5 

55 

9.67042 

9.72415 

10.27585 

9.94627 

S 

56 

.65605 

.70592 

.29408 

.95014 

4 

56 

.67066 

.72445 

.27555 

.94620 

4 

57 

.65630 

.70623 

.29377 

.95007 

3 

57 

.67090 

.72476 

.27524 

.94614 

3 

58 

.65655 

.70654 

.29346 

.95001 

2 

58 

.67113 

.72506 

.27494 

.94607 

2 

59 

.65680 

.70685 

.29315 

.94995 

1 

59 

.67137 

.72537 

.27463 

.94600 

i 

60 

9.65705 

9.70717 

10.29283 

9.94988 

0 

60 

9.67161 

9.72567 

10.27433 

9.94593 

0 


Cosine. 1 Cotang. 1 

Tang. 1 

Sine. 

' 11 1 

Cosine. 

Co tang. 

Tang. 

Sine. 



63® 62® 


*Log secant•^colog cosine—1—log cosine; log cosecant—colog sine — 
I—log sine. 

Log sec 26®- 30' -10.04821. Log cos^ 26®- ZQT - 10.35047. 
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3 .— Logarithmic Sines, Tangents, Cotangents, Cosines.— -(Cont'd.) 
(Secants, Cosecants.)* 


__ 29 ^ 


*7“ 

Sine. 

1 Tang. 

1 Cotang. 1 Cosine. | 

II ' 

Sine. 

1 Tang. 

i Cotang. 

I Cosine. 1 

0 

9.67161 

9.72567 

10.27433 

9.94593 

60 

0 

9.68557 

9.74375 

10.25625 

9.94182 

60 

1 

.67185 

.72598 

.27402 

.94587 

59 

1 

.68580 

.74405 

.25595 

.94175 

59 

1 

.67208 

.72628 

.27372 

.94580 

58 

2 

.68603 

.74435 

.25565 

.94168 

58 

3 

.672;52 

.72659 

.27341 

.94573 

57 

3 

.68625 

.74465 

.25535 

.94161 

57 

A 

.67256 

.72689 

.27311 

.94567 

56 

4 

.68648 

.74494 

.25506 

.94154 

56 

S 

9.67280 

9.72720 

10.27280 

9.94560 

55 

5 

9.68671 

9.74524 

10.25476 

9.94147 

55 

6 

.67303 

.72750 

.27250 

.94553 

54 

6 

.68694 

74554 

.25446 

.94140 

54 

7 

.67327 

.72780 

.27220 

.94546 

53 

7 

.68716 

.74583 

.25417 

.94133 

53 

« 

.67350 

.72811 

.27189 

.94540 

52 

8 

.68739 

.74613 

.25387 

.94126 

52 

S 

.67374 

.72841 

.27159 

.94533 

51 

9 

.68762 

.74643 

.25357 

.94119 

51 

10 

3.67398 

9.72872 

10.27128 

9.94526 

50 

10 

9.68784 

9.74673 

10.25327 

9.94112 

50 

11 

.67421 

.72902 

.27098 

.94519 

49 

11 

.68807 

.74702 

.25298 

.94105 

49 

12 

.67445 

.72932 

.27068 

.94513 

48 

12 

.68829 

.74732 

.25268 

.94098 

48 

13 

.67468 

.72963 

.27037 

.94506 

47 

13 

.68852 

.74762 

.25238 

94090 

47 

14 

.67492 

.72993 

.27007 

.94499 

46 

14 

.68875 

74791 

.25209 

.94083 

46 

15 

9.67515 

9.73023 

10.26977 

9.94492 

45 

15 

9.68897 

9.74821 

10.25179 

9.94076 

45 

16 

.67539 

.73054 

.26946 

.94485 

44 

16 

.68920 

.74851 

.25149 

.94069 

44 

17 

.67562 

.73084 

.26916 

.94479 

43 

17 

.68942 

.74880 

.25120 

.94062 

43 

18 

.67586 

.73114 

.26886 

.94472 

42 

18 

.68965 

.74910 

.25090 

.94055 

42 

19 

.67609 

.73144 

.26856 

.94465 

41 

19 

.68987 

.74939 

.25061 

.94048 

41 

ao 

9.67633 

9.73175 

10.26825 

9.94458 

40 

20 

9.69010 

9.74969 

10.25031 

9.94041 

40 

21 

.67656 

.73206 

.26795 

.94451 

39 

21 

.69032 

.74998 

.25002 

.94034 

39 

22 

.67680 

.73235 

.26765 

.94445 

38 

22 

.69055 

.75028 

.24972 

.94027 

38 

23 

.67703 

.73265 

.26735 

.94438 

37 

23 

.69077 

.75058 

.24942 

.94020 

37 

24 

.67726 

.73295 

.26705 

.94431 

36 

24 

.69100 

.75087 

.24913 

.94012 

36 

2S 

9.67750 

9.73326 

10.266741 

9.94424 

35 

25 

9.69122 

9.75117 

10.24883 

9.94005 

35 

26 

.67773 

.73356 

.26644 

.94417 

34 

26 

.69144 

.75146 

.24854 

• .93998 

34 

27 

.67796 

.73386 

.26614 

.94410 

33 

27 

.69167 

.75176 

.24824 

.93991 

33 

28 

.67820 

.73416 

.26584 

.94404 

32 

28 

.69189 

.75205 

.24795 

.93984 

32 

29 

.67843 

.73446 

.26554 

.94397 

31 

29 

.69212 

.75235 

.24765 

.93977 

31 

30 

9.67866 

9.73476 

10.26524 

9.94390 

30 

30 

9.69234 

9.75264 

10.24736 

9.93970 

30 

31 

.67890 

.73607 

.26493 

.94383 

29 

31 

.69256 

.75294 

.24706 

.93963 

29 

32 

.67913 

.73537 

.26463 

.94376 

28 

32 

.69279 

75323 

.24677 

.93955 

28 

33 

.67936 

.73567 

.26433 

.94369 

27 

33 

.69301 

1 .75353 

.24647 

.93948 

27 

34 

.67959 

.73597 

.26403 

.94362 

26 

34 

.69323 

.75382 

.24618 

.93941 

26 

35 

9.67982 

9.73627 

10.26373 

9.94355 

25 

35 

9.69345 

9.75411 

10.24589 

9.93934 

25 

36 

.68006 

.73657 

.26343 

.94349 

24 

36 

1 .69368 

.75441 

.24559 

.93927 

24 

37 

.68029 

.73687 

.26313 

.94342 

23 

37 

• .*69390 

75470 

.24530 

93920 

23 

38 

.68052 

.73717 

1 .26283 

.94335 

22 

38 

.69412 

75500 

.24500 

.93912 

22 

39 

.68075 

.73747 

.26253 

.94328 

21 

39 

.69434 

.75529 

.24471 

.93905 

21 

40 

9.68098 

9.73777 

10.26223 

9.94321 

20 

40 

9.69456 

9.75558 

10.24442 

9.93898 

20 

41 

.68121 

.73807 

.26193 

.94314 

19 

41 

.69479 

.75588 

.24412 

.93891 

19 

42 

.68144 

1 .73837 

.26163 

.94307 

18 

42 

.69501 

.75617 

.24383 

.93884 

18 

43 

.68167 

.73867 

.26133 

.94300 

17 

43 

.69523 

.75647 

.24353 

.93876 

17 

44 

.68190 

.73897 

.26103 

.94293 

16 

44 

.69545 

.75676 

1 .24324 

.93869 

16 

45 

9.68213 

9.73927 

10.26073 

9.94286 

15 

45 

9.69567 

9.75705 

10.24295 

9.93862 

15 

46 

.68237 

.73957 

.26043 

.94279 

14 

46 

.69589 

.75735 

.24265 

.93855 

14 

47 

.68260 

.73987 

.26013 

.94273 

13 

47 

.69611 

.75764 

.24236 

.93847 

13 

48 

.68283 

.74017 

.25983 

.94266 

12 

48 

.69633 

.75793 

.24207 

.93840 

12 

49 

.68305 

.74047 

.25953 

.94259 

11 

49 

.69655 

.75822 

.24178 

.93833 

11 

50 

9.68328 

9.74077 

10.25923 

9.94252 

10 

50 

9.69677 

9.75852 

10.24148 

9.93826 

10 

51 

.68351 

V74107 

.25893 

.94245 

9 

51 

.69699 

.75881 

.24119 

.93819 

9 

52 

.68374 

.74137 

.25863 

.94238 

8 

52 

.69721 

.75910 

.24090 

.93811 

8 

53 

.68397 

.74166 

.25834 

.94231 

7 

53 

.69743 

.75939 

.24061 

.93804 

7 

54 

.68420 

.74196 

.25804 

.94224 

6 

54 

.69765 

.75969 

.24031 

.93797 

6 

55 

9.68443 

9.74226 

10.25774 

9.94217 

5 

55 

9.69787 

9.75998 

10.24002 

9.93789 

5 

56 

.88466 

.74256 

.25744 

.94210 

4 

56 

.69809 

.76027 

.23973 

.93782 

4 

57 

.68489 

.74286 

.25714 

.94203 

3 

57 

.69831 

.76056 

.23944 

.93775 

3 

68 

.68512 

.74316 

.25684 

.94196 

2 

58 

.69853 

.76086 

.23914 

.93768 

2 

59 

.68534 

.74345 

.25655 

.94189 

1 

59 

.69875 

.76115 

.23885 

.93760 

1 

60 

9.68557 

9.74375 

10.25625 

9.94182 

0 

60 

9.69897 

9.76144 

10.23856 

9.93753 

0 


Cosine. 

Cotang. 

Tang. 

Sine. 

* 

1 Cosine. 1 

Cotang. 

Tang. 

Sine. 



61 ® 60 ® 


*Log secant—colog cosine—1—log cosine; log cosecant—colog sine— 
^sine. 

Locr sec — lO.OSBlO. ccsee SO'. 10.32124 
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5.— Logarithmic Sines, Tangbkts. Cotamoents, Cosxkbs.—(C ont’d,) 
* (Secants, Cosecants.) ♦ 


80^_3P 



1 Sine. 

1 Tang. 

I Cotang. 1 Cosine. 

1 

n ■' 

1 sine. 

1 Tang. 

1 Cotang. 

i Cosine. | 

0 

9.69897 

9.76144 

10.23856 

9.93753 

60 

0 

9.71184 

9.77877 

10.22123 

9.93307 

60 

1 

.69919 

.76173 

.23827 

.93746 

59 

1 

.71205 

.77906 

.22094 

.93299 

59 

2 

.69941 

.76202 

.23798 

.93738 

58 

2 

.712264 

.77935 

.22065 

.93291 

58 

3 

.69963 

.76231 

.23769 

.93731 

57 

3 

.71247 

.77963 

.22037 

.93284 

57 

4 

.69984 

.76261 

.23739 

.93724 

56 

4 

.71268 

.77992 

.22008 

.93276 

69 

5 

9.70006 

9.76290 

10.28710 

9.93717 

55 

5 

9.71289 

9.78020 

10.21980 

9.93269 

55 

€ 

.70028 

.76319 

.23681 

.93709 

54 

6 

.71310 

.78049 

.21951 

.93261 

54 

7 

.70050 

.76348 

.23652 

.93702 

53 

7 

.71331 

.78077 

.21933 

.93253 

53 

8 

.70072 

.76377 

.23623 

.93695 

52 

8 

. .’1352 

.78106 

.21894 

.93246 

52 

9 

.70093 

.76406 

.23594 

.93687 

51 

9 

.71373 

.78135 

.21865 

.93238 

5t 

10 

9.70115 

9.76435 

10.23565 

9.93680 

50 

10 

9.71393 

9.78163 

1C.21837 

9.93230 

50 

11 

.70137 

.76464 

.23536 

.93673 

49 

11 

.71414 

.78192 

.21808 

.93223 

49 

12 

.70159 

.76493 

.23507 

.93665 

48 

12 

.71435 

.78220 

.21780 

.93215 

48 

13 

.70180 

.76522 

.23478 

.93658 

47 

13 

.71456 

.78249 

.21751 

.93207 

47 

14 

.70202 

.76551 

.23449 

.93650 

46 

14 

.71477 

.78277 

.21723 

.93200 

46 

15 

9.70224 

9.76580 

10.23420 

9.93643 

45 

15 

9.71498 

9.7930C 

10.21694 

9.93192 

4S 

16 

.70245 

.76609 

.23391 

.93636 

44 

16 

.71519 

.78334 

.21666 

.03184 

44 

17 

.70267 

.76639 

.23361 

.93628 

43 

17 

.71539 

.78363 

.21637 

.93177 

43 

18 

.70288 

.76668 

.23332 

.93621 

42 

18 

.71560 

.78391 

.21609 

.93169 

42 

19 

.70310 

.76697 

.23303 

.93614 

41 

19 

.71581 

.78419 

.21531 

.93161 

41 

20 

9.70332 

9.76725 

10.23275 

9.93606 

40 

20 

9.71602 

9.78448 

10.21552 

9.53154 

40 

21 

.70353 

.76754 

.23246 

.93599 

39 

21 

.71622 

.78476 

.21524 

.93146 

39 

22 

.70375 

.76783 

.23217 

.93591 

38 

22 

.71643 

.78505 

.21495 

.93138 

38 

23 

.70396 

.76812 

.23188 

.93584 

37 

23 

.71664 

.78533 

.21467 

.93131 

37 

24 

.70418 

.76841 

.23159 

.93577 

36 

24 

.71685 

.78562 

.21438 

.93123 

36 

25 

9.70439 

9.76870 

10.23130 

9.93569 

55 

25 

9.71706 

9.78590 

■10.21410 

9.93115 

35 

26 

.70461 

.76899 

.23101 

.93562 

34 

26 

.71726 

.78618 

.21382 

.93107 

34 

27 

.70482 

.76928 

.23072 

.93554 

33 

27 

.71747 

.78647 

.21353 

.93100 

33 

28 

.70504 

.76957 

.23043 

.93547 

32 

28 

.71767 

.78675 

.21325 

.93092 

32 

29 

.70525 

.76986 

.23014 

.93539 

31 

29 

.71788 

.78704 

.21296 

.93084 

31 

30 

9.70547 

9,77015 

10.22985 

9.93532 

30 

30 

9.71809 

9.78732 

10.21268 

9.93077 

30 

31 

.70568 

.77044 

.22956 

.93525 

29 

31 

.71829 

.78760 

.21240 

.93069 

29 

32 

.70590 

.77073 

.22927 

.93517 

28 

32 

.71850 

.78789 

.21211 

.93061 

28 

33 

.70611 

.77101 

1 .22899 

.93510 

27 

33 

,71870 

.78817 

.21183 

.93053 

27 

34 

.70633 

.77130 

1 .22870 

.93502 

26 

34 

.71891 

.78845 

.21155 

.93046 

26 

35 

9.70654 

9.77159 

10.22841 

9.93495 

25 

35 

9.71911 

9.78874 

10.21126 

9.93038 

25 

36 

.70675 

.77188 

1 .22812 

.93487 

24 

36 

.71932 

.78902 

.21098 

.93030 

24 

37 

.70697 

.77217 

[ .22783 

.93480 

23 

37 

.71952 

.78930 

.21070 

.93022 

23 

38 

.70718 

.77246 

.22754 

.93472 

22 

38 

.71973 

.78959 

.21041 

.93014 

22 

39 

.70739 

‘ .77274 

.22726 

.93465 

21 

39 

.71994 

.78987 

.21013 

.93007 

21 

40 

9.70761 

9.77303 

10.22697 

9.93457 

20 

40 

9.72014 

9.79015 

10.20985 

9.92999 

20 

41 

.70782 

.77332 

.22668 

.93450 

19 

41 

.72034 

.79043 

.20957 

.92991 

19 

42 

.70803 

.77361 

.22639 

.93442 

18 

42 

.72055 

.79072 

.20928 

.92983 

18 

43 

.70824 

.77390 

.22610 

.93435 

17 

43 

.72075 

.79100 

.20900 

.92976 

17 

44 

i .70846 

.77418 

.22582 

.93427 

16 

44 

.72096 

.79128 

.20872 

.92968 

16 

45 

9.70867 

9.77447 

10.22553 

9.93420 

15 

45 

9.72116 

9.79156 

10.20844 

9.92960 

15 

46 

! .70888 

.77476 

.22524 

.93412 

14 

46 

.72137 

.79185 

.20815 

.92952 

14 

47 

.70909 

.77505 

.22495 

.93405 

13 

47 

.72157 

.79213 

.20787 

.92944 

13 

48 

.70931 

.77533 

.22467 

.93397 

12 

48 

.72177 

.79241 

.20759 

.92936 

12 

49 

.70952 

.77562 

.22438 

.93390 

11 

49 

.72198 

.79269 

.20731 

.92929 

11 

50 

9.70973 

9.77591 

10.22409 

9.93382 

10 

50 

9.72218 

9.79297 

10.20703 

9.92921 

10 

51 

.70994 

.77619 

.22381 

.93375 

9 

51 

.72238 

.79326 

.20674 

.92913 

0 

52 

,71015 

.77648 

.22352 

.93367 

8 

52 

.72259 

.79354 

.20646 

.92905 

8 

53 

.71036 

.77677 

«22323 

.93360 

7 

53 

.72279 

.79382 

.20618 

.92897 

7 

54 

.71058 

.77706 

.22294 

.93352 

6 

54 

.72299 

.79410 

.20590 

.92889 

6 

55 

9.71079 

9.77734 

10.22266 

9.93344 

5 

55 

9.72320 

9.79438 

10.20562 

9.92881 

5 

5& 

.71100 

.77763 

.22237 

.93337 

4 

56 

.72340 

.79466 

.20534 

.92874 

4 

57 

.71121 

.77791 

.22209 

.93329 

3 

57 

.72360 

.79495 

.20505 

.92866 

3 

58 

.71142. 

.77820 

.22180 

.93322 

2 

58 

.72381 

.79523 

.20477 

.92858 

2 

59 

.71163 

.77849 

.22151 

.93314 

1 

59 

.72401 

.79551 

.20449 

.92850 

1 

60 

9.71184 

9.77877 

10.22123 

9.93307 

0 

60 

9.72421 

9.79579 

10.20421 

9.92842 

0 


Cosine. 

Cotang. 

1 Tang. 

Sine. 1 ' 1 

mm 







♦Log secant—colog cosine—1—log cosine; log cosecant —colog sine— 
Ca^—Log sec 30®- 30' —10.06408, Ex ,—^Log cosec 30®- 30' —10.29468. 
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3. -^Logarithmic Sines, Takgbnts, Cotangbnts, Cosinbs. —(Cont*d.) 
(Sbcants, Cosbcants.)* 

^ _ 33 ^;___ 

I sine, i Tang. \ Cotang. 1 Coalne. | li * | Sine* | Tang. | Cotang. 1 Cosine. | 


0 9.72421 

1 .72441 

2 .72461 

3 .72482 

4 .72502 

5 9.72522 

6 .U542 

7 .W562 

8 .72582 

9 .72602 

10 9.72622 

11 .72643 

12 .72663 

13 .72683 

14 .72703 

15 9.72723 

16 .72743 

17 .72763 

18 .72783 

19 .72803 

20 9.72823 

21 .72843 

22 .72863 

23 .72883 

24 .72902 

25 9.72922 

26 .72942 

27 .72962 

28 .72982 

29 .73002 

30 9.73022 

31 .73041 

32 .73061 

33 .73081 

34 .73101 

35 9.73121 

36 .73140 

37 .73160 

38 .73180 

39 .73200 

40 9.73219 

41 .73239 

42 .73259 

43 .73278 

44 .73298 

45 9.73318 

46 .73337 

47 .73357 

48 .73377 

49 .73396 

50 9.73416 

51 .73435 

52 .73455 

53 .73474 

54 .73494 

55 9.73513 

56 .73533 

57 .73552 

58 .73572 

59 .73591 
00 9.73611 


10.20421 
.20393 
.20365 
.20337 
.20309 
10.20281 
.20253 
.20224 
.20196 
.20168 
10.20140 
.20112 
.20084 
.20056 
.20028 
10.20000 
.19972 
.19944 
.19916 
.19888 
10.19860 
.19832 
.19805 
.19777 
. .19749 

10.19721 
.19693 
.19665 
.19637 
.19609 
10.19581 
.19553 
.19526 
.19498 
.19470 
10.19442 
.19414 
.19386 
.19358 
.19331 
10.19303 
.19275 
.19247 
.19219 
- .19192 

10.19164 
.19136 
.19108 
.19081 
.19053 
10.19025 
.18997 
.18970 
.18942 
.18914 
10.18887 
.18859 
.18831 
.18804 
.18776 
10.18748 


9.92842 

.92834 

.92826 

.92818 

.92810 

9.92803 

.92795 

,92787 

.92779 

.92771 

9.92763 

.92755 

.92747 

.92739 

.92731 

9.92723 

.92715 

.92707 

.92699 

.92691 

9.92683 

.92675 

.92667 

.92659 

.92651 

9.92643 

.92635 

.92627 

.92619 

.92611 

9.92603 

.92595 

.92587 

.92579 

.92571 

9.92563 

.92555 

.92546 

.92538 

.92530 

9.92522 

.92514 

.92506 

.92498 

.92490 

9.92482 

.92473 

.92465 

.92457 

.92449 

9.92441 

.92433 

.92425 

.92416 

.92408 

9.92400 

.92392 

.92384 

.92376 

.92367 

9.92359 


) 9.73611 

1 .73630 

2 .73650 
i .73669 
1 .73689 
5 9.73708 
I .73727 
1 .73747 
9 .73766 
» .73785 

> 9.73805 
I .73824 
I .73843 
) .73863 
I .73882 
» 9.73901 
5 .73921 
r .73940 
i .73959 
) .73978 
) 9.73997 
I .74017 
I .74036 
i .74055 
1 .74074 
i 9.74093 

> .74113 
r .74132 
i .74151 
i .74170 

> 9.74189 
I .74208 
I .74227 
\ .74246 
1 .74265 
i 9.74284 

> .74303 
' .74322 
} .74341 
) .74360 

> 9.74379 
i .74398 
5 .74417 
( .74436 
I .74455 
; 9.74474 
i .74493 
' .74512 
I .74531 
I .74549 

> 9.74568 
1 .74587 
! .74606 
t .74625 
I .74644 
; 9.74662 
; .74681 

.74700 
\ .74719 
) .74737 
» 9.74756 


9.81252 
.81279 
.81307 
.81335 
.81362 
9.81390 
.81418 
.81445 
.81473 
.81500 
9.81528 
.81556 
.81583 
.81611 
.81638 
9.81666 
.81693 
.81721 
.81748 
.81776 
9.81803 
.81831 
.81858 
.81886 
.81913 
9.81941 
.81968 
.81996 
.82023 
.82051 
9.82078 
.82106 
.82133 
.82161 
.82188 
9.82215 
.82243 
.82270 
I .82298 
I .92325 
9.82352 
.82380 
.82407 
.82435 
.82462 
9.82489 
.82517 
.82544 
.82571 
.82599 
9.82626 
.82653 
.82681 
I .82708 
.82735 
9.82762 
.82790 
.82817 
.82844 
.82871 
9.82899 


10.18748 
.18721 
.18693 
.18665 
.18638 
10.18610 
.18582 
.18555 
.18527 
.18500 
10.18472 
.18444 
.18417 
.18389 
.18362 
10.18334 
.18307 
.18279 
.18252 
.18224 
10.18197 
.18169 
.18142 
.18114^ 
.18087 
10.18059 
.18032 
.18004 
.17977 
.17949 
10.17922 
.17894 
.17867 
.17839 
.17812 
10.17785 
.17767 
.17730 
.17702 
.17675 
10.17648 
.17620 
.17593 
.17565 
.17538 
10.17511 
.17483 
.17456 
..17429 
.17401 
10.17374 
.17347 
.17319 
.17292 
.17265 
10.17238 
.17210 I 
.17183 
.17156 
.17129 
iO.17101 


9.92359 60 
.92351 59 

.92343 58 

.92335 57 

.92326 56 

9.92318 55 
.92310 64 

.92302 53 

.92293 52 

.92285 51 

9.92277 50 

.92269 49 

.92250 48 

.92252 47 

.92244 46 

9.92235 45 

.92227 44 

.92219 43 

.92211 42 

.92202 41 

9.92194 40 

.92186 39 

.92177 38 

.92169 37 

.92161 36 

9.92152 35 

.92144 34 

.92136 33 

.92127 32 

.92119 31 

9.92111 30 

.92102 29 

.92094 28 

.92086 27 

! .92077 26 

9.92069 25 
.92060 24 

.92052 23 

; .92044 22 

.92035 21 

9.92027 20 

.92018 19 

.92010 18 

.92002 17 

.91993 16 

9.91985 15 

.91976 14 

.91968 13 

.91959 12 

.91951 11 

9.91942 10 

.91934 9 

.91925 8 

! .91917 7 


I Cosine. I Cotangr.l Tang. | Sine. | * || | Cosine. | Cotang. j Tang. \ Sine. I 

_ ^ 
*ljOg secant—colog cosine—1 —log cosine; log cosecant—coiog sine — 
1—log sine. 

Log sec 32®- ZQT -10.07397. Ex,^U>s cosec 32®- 30' -10.26978. 



TRIGONOMETRY 


1^5 


8. Logarithmic Sines, Tangents. Cotangents, Cosines.—(C ont’d.) 
(Secants, Cosecants.)* 

84f_35®_ 


* i 8lne. i Tang. | Cotang. | Cosine. | || * | Sine. | Tang. | Cotang. | Cosine. I 


0 

9.74756 

9.82899 

10.17101 

9.91857 

60 

0 

9.75859 

9.84523 

10.15477 

9.91336 

60 

1 

.74776 

.82926 

.17074 

.91849 

59 

1 

.75877 

.84550 

.15450 

.91328 

59 

2 

.74794 

.82953 

.17047 

.91840 

58 

2 

.75895 

,.34576 

.15424 

.91319 

58 

3 

.74812 

.82980 

.17020 

.91832 

57 

3 

.76913 

.84603 

.15397 

.91310 

67 

4 

.74831 

.83008 

.16992 

.91823 

56 

4 

.75931 

.84630 

.15370 

.91301 

56 

6 

9.74850 

9.83035 

10.16965 

9.91815 

55 

5 

9.75949 

9.84657 

10.15343 

9.91292 

55 

6 

.74868 

.83062 

.16938' 

.91806 

54 

6 

.76967 

.84684 

.15316 

.91283 

54 

7 

.74887 

.83089 

.16911 

.91798 

53 

7 

.75985 

.84711 

.15289 

.91274 

53 

8 

.74906 

.83117 

.16883 

*.91789 

52 

8 

.7?9Q3 

.84738 

.15262 

.91266 

52 

9 

.74924 

.83144 

.16856 

.91781 

51 

9 

.76021 

.84764 

.15236 

.91257 

51 

10 

9.74943 

9.83171 

10.16829 

9.91772 

50 

10 

9.76039 

9.84791 

10.15209 

9.91248 

50 

11 

.74961 

.83198 

.16802 

,91763 

49 

11 

.76057 

.84818 

.15182 

.91239 

49 

12 

.74980 

.83225 

.16775 

.91755 

48 

12 

.76076 

.84845 

.15155 

.91^30 

48 

13 

.74999 

.83252 

.16748 

.91746 

47 

13 

.76093 

.84872 

.15128 

.91221 

47 

14 

.75017 

.83280 

.16720 

.91738 

46 

14 

.76111 

.84899 

.15101 

.91212 

46 

15 

9.75036 

9.83307 

10.16693 

9.91729 

45 

15 

9.76129 

9.84925 

10.16075 

9.91203 

45 

16 

.75054 

.83334 

.16666 

.91720 

44 

16 

.76146 

.84952 

.15048 

.91194 

44 

17 

.75073 

.83361 

.16639 

.91712 

43 

17 

.76164 

.84979 

.15021 

.91185 

43 

18 

.75091 

.83388 

.16612 

".91703 

42 

18 

.76182 

.85006 

.14994 

.91176 

42 

19 

.75110 

.83415 

.16585 

.91695 

41 

19 

.76200 

.85033 

.14967 

.91167 

41 

20 

9.75128 

9.83442 

10.16558 

9.91686 

40 

20 

9.76218 

9.85059 

10.14941 

9.91158 

40 

21 

.75147 

.63470 

.16530 

.91677 

39 

21 

.76236 

.85086 

.14914 

.91149 

39 

22 

.75165 

.83497 

.16503 

.91669 

38 

22 

.76253 

.85113 

.14887 

.91141 

38 

23 

.75184 

.83524 

.16476 

.91660 

37 

23 

.76271 

. 85140 

.14860 

.91132 

37 

24 

.75202 

.83551 

.16449 

.91651 

36 

24 

.76289 

.85166 

.14834 

.91123 

36 

25 

9.75221 

9.83578 

10.16422 

9.91643 

35 

25 

2.76307 

9.85193 

10.14807 

9.91114 

35 

26 

.75239 

.83605 

.16395 

.91634 

84 

26 

.76324 

.85220 

.14780 

.91105 

34 

27 

.75258 

.83632 

.16368 

.91625 

33 

27 

.76342 

.85247 

.14753 

.91096 

33 

28 

.75276 

.83659 

.16341 

.91617 

32 

28 

.76360 

.85273 

.14727 

.91087 

32 

29 

.75294 

.83686 

.16314 

.91608 

31 

29 

.76378 

.85300 

.14700- 

.91078 

31 

30 

9.75313 

9.83713 

10.16287 

9.91599 

30 

30 

9.76395 

9.85327 

10.14673 

9.91069 

30 

51 

.75331 

.83740 

.16260 

.91591 

29 

31 

.76413 

.85354 

.14646 

.91060 

29 

32 

.75350 

,83768 

.16232 

.91582 

28 

32 

.76431 

.85380 

.14620 

.91051 

28 

83 

.75368 

.83795 

.16205 

.91573 

27 

33 

.76448 

.85407 

.14593 

.91042 

27 

34 

.75386 

.83822 

.16178 

.91565 

26 

34 

.76466 

.85434 

.14566 

.91033 

26 

35 

9.75405 

9.83849 

10.16151 

9.91556 

25 

35 

9.76484 

9.85460 

10.14540 

9.91023 

25 

36 

.75423 

.83876 

.16124 

.91547 

24 

36 

.76501 

.85487 

.14613 

,91014 

24 

37 

.75441 

.83903 

.16097 

.91538 

23 

37 

.76519 

.85514 

.14486 

.91005 

23 

38 

.75459 

.83930 

.16070 

.91530 

22 

38 

.76537 

.85540 

.14460 

.90996 

22 

39 

.75478 

.83957 

.16043 

.91521 

21 

39 

.76554 

.85567 

.14433 

.90987 

21 

40 

9.75496 

9.83984 

10.16016 

9.91512 

20 

40 

9.76572 

9.85594 

10.14406 

9.90978 

20 

41 

.75514 

.84011 

.15989 

.91504 

19 

41 

.76590 

.85620 

.14380 

.90969 

19 

42 

.75533 

.84038 

.15962 

.91495 

18 

42 

.76607 

.85647 

.14353 

.90960 

18 

43 

.75551 

.84065 

.15935 

.91486 

17 

43 

:76625 

.85674 

.14326 

.90951 

17 

44 

.75569 

.84092 

.15908 

.91477 

16 

44 

.76642 

.85700 

.14300 

.90942 

16 

is 

9.75587 

9.84119 

10.15881 

9.91469 

15 

45 

9.76660 

9.85727 

10.14273 

9.1»0933 

15 

46 

.75605 

.84146 

.15854 

.91460 

14 

46 

.76677 

,85754 

.14246 

.90924 

14 

47 

.75624 

.84173 ; 

.15827 

.91451 

13 

47 

.76695 

.85780 

.14220 

.90915 

13 

-48 

.75642 

.84200 

.15800 

.91442 

12 

48 

.76712 

.85807 

.14193 1 

.90906 

12 

49 

.75660 

.84227 

.15773 

.91433 

11 

49 

.76730 

.85834 

.14166 

.90896 

11 

50 

9.75678 

9.84254 

10.15746 

9.91425 

10 

50 

9.76747 

9.85860 

10.14140 

9.90887 

10 

51 

.75696 

.84280 

.15720 

.91416 

9 

51 

.76765 

.85887 

.14113 

,90878 

9 

62 

.75714 

.84307 

.15693 

.91407 

8 

52 

.76782 

.85913 

.14087 

.90869 

8 

53 

.75733 

.84334 

.15666 

.91398 

7 

53 

.76800 

.85940 

.14060 

.90860 

7 

64 

.75761 

.84361 

.15639 

.91389 

6 

1 ^ 

.76817 

.85967 

.14033 

,90851 

6 

55 

9.75769 

9.84388 

10.15612 

9.91381 

5 

55 

9.76835 

9.85993 

10.14007 

9; 90842 

5 

66j 

.75787 1 

.84415 

.15585 

.91372 

4 

56 

.76852 

.86020 

.13980 

.90832 

4 

67 

.75805 

.84442 

.15558 

.91363 

3 

67 

.76870 

.86046 

.13954 

.90823 

3 

68 

.75823 ! 

.84469 

.15531 

.91354 

2 

58 

.76887 

.86073 

.13927 

.90814 

2 

69< 

.75841 

.84496 

.15504 

.91345 

1 

59 

.76904 

.86100 

.13900 

.90805 

1 

00 

9.76859 

9.84523 

10.15477 

9.91336 

0 

60 

9.76922 

9.86126 

10.13874 

9.90796 . 

0. 

1 Cosine. 1 Cotang.l Tang. 

1 Sine. 

n: 

H 

1 Cosine. 

iCotang.r Tang. 

Sine. 

“"7^ 


*Log secant—colog cosine — 1 ~log cosine; log .cosecant—colog sine — 
I—log sine. 

Log sec 34®- Z(y -10.08401, Eaf.—Log cosec 34®- 3(K -10.24687. 
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3.—Logarithmic Sines, Tangents, Cotangents, Cosines —(Cont’d.) 
(Secants, Cosecants.)* 


36® _ 37® 


' 

Sine. 

1 Tang. 

1 Cotang, t Cosine. 1 

1 ' 

1 Sine. 

1 Tang. 

1 Cotang. 1 Cosine. | 

0 

9.76922 

9.86126 

10.13874 

9.90796 

60 

0 

9.77946 

9.87711* 

10.12289 

9.90235 

60 

1 

.76939 

.86153 

.13847 

.90787 

59 

1 

.77963 

.87738 

12262 

.90225 

6^ 

2 

.76957 

.86179 

.13821 

.90777 

58 

2 

.77980 

87764 

.12236 

.90216 

58 

3 

.76974 

.86206 

.13794 

.90768 

57 

3 

.77997 

.87790 

.12210 

.90206 

57 

4 

.76991' 

.86232 

,13768 

.90759 

56 

4 

.78013 

.87817 

.12183 

.90197- 

56 

5 

9.77009 

9.86259 

10.13741 

9.90750 

55 

5 

9.78030 

9.87843 

10.12157 

9.90187 

55 

6 

.77026 

.86285 

.13715 

.90741 

54 

6 

.78047 

.87869 

.12131 

.90178 

54 

7 

.77043 

.86312 

. 13688. 

.90731 

63 

7 

.78063 

.87895 

.12105 

.90168 

53 

8 

.77061 

.86338 

.13662 

.90722 

52 

8 

.78080 

.87922 

.12078 

.90159 

52 

9 

.77078 

.86365 

.13635 

.90713 

51 

9 

.78097 

.87948 

.12052 

.90149 

51 

10 

9.77095 

9.S6392 

10.13608 

9.90704 

50 

10 

9.78113 

9.87974 

10.12C26 

9.90139 

50 

11 

.77112 

.86418 

.13582 

.90694 

49 

11 

.78130 

.88000 

.12000 

.90130 

49 

12 

.77130 

.86445 

.13555 

.90685 

48 

12 

.78147 

.88027 

.11973 

.90120 

48 

13 

.77147 

.86471 

.13529 

.90676 

47 

13 

.78163 

.88053 

.11947 

.90111 

47 

14 

.77164 

.86498 

.13502 

.90667 

46 

14 

.78180 

.88079 

.11921 

.90101 

46 

15 

9.77181 

9.86524 

10.13476 

9.90657 

45 

15 

9.78197 

9.88105 

10.11895 

9.90091 

45 

16 

.77199 

.86551 

.13449 

.90648 

44 

16 

.78213 

.88131 

.11869 

.90082 

44 

17 

.77216 

.86577 

.13423 

.90639 

43 

17 

.78230 

.88158 

.11842 

.90072 

43 

18 

.77233 

.86603 

.13397 

.90630 

42 

18 

.78246 

.88184 

.11816 

.90063 

42 

19 

.77250 

.86630 

.13370 

.90620 

41 

19 

.78263 

.88210 

.11790 

.90053 

41 

20 

9.77268 

9.86656 

10.13344 

9.90611 

40 

20 

9.78280 

9.88236 

10.11764 

9.90043 

40 

21 

.77285 

.86683 

.13317 

.90602 

39 

21 

.78296 

.88262 

.11738 

.90034 

39 

22 

.77302 

.86709 

.13291 

.90592 

38 

22 

.78313 

.88289 

.11711 

.90024 

38 

23 

.77319 

.86736 

.13264 

.90583 

37 

23 

.78329 

.88315 

.11685 

.90014 

37 

24 

.77336 

.86762 

.13238 

.90574 

36 

24 

.78346 

.88341 

.11659 

.90005 

36 

25 

9.77353 

9.86789 

10.13211 

9.90565 

35 

25 

9.78362 

9.88367 

10.11633 

9.89995 

35 

26 

.77370 

.86815 

.13185 

.90555 

34 

26 

.78379 

.88393 

.11607 

.89985 

34 

27 

.77387 

.86842 

.13158 

.90546 

33 

27 

.78395 

.88420 

.11580 

.89976 

33 

28 

.77405 

.86868 

.13132 

.90537 

32 

28 

.78412 

.88446 

.11554 

.89966 

32 

29 

.77422 

.86894 

.13106 

.90527 

31 

29 

.78428 

.88472 

.11528 

.89956 

31 

30 

9 77439 

9>86921 

10.13079 

9.90518 

30 

30 

9.78445 

9.88498 

10.11502 

9.89947 

30 

31 

.77456 

.86947 

.13053 

.90509 

29 

31 

.78461 

1 .88524 

.11476 

.89937 . 

29 

32 

.77473 

.86974 

.13026 

.90499 

28 

32 

.78478 

.88550 

.11450 

! .89927 

28 

33 

.77490 

.87000 

.13000 

.90490 

27 

33 

1 .78494 

.88577 

.11423 

.89918 

27 

34 

.77507 

.87027 

.12973 

.90480 

26 

34 

.78510 

.88603 

.11397 

.89908 

26 

35 

9.77524 

9.87053 

10.12947 

9.90471 

25 

35 

9.78527 

9.88629 

10.11371 

9.89898 

35 

36 

.77541 

.87079 

.12921 

.90462 

24 

36 

.78543 

.88655 

.11345 

.89888 

24 

37 

.77558 

.87106 

.12894 

.90452 

23 

37 

.78560 

.88681 

.11319 

1 .89879 

23 

38 

.77575 

.87132 

.12868 

.90443 

22 

38 

.78576 

.88707 

.11293 

.89869 

22 

39 

.77592 

.87158 

.12842 

.90434 

21 

39 

.78592 

i .88733 

.11267 

i .89859 

21 

40 

9.77609 

9.87185 

10.12815 

9.90424 

20 

40 

9.78609 

9.88759 

10.11241 

9.89849 

20 

41 

.77626 

.87211 

.12789 

.90415 

19 

41 

.78625 

.88786 

.11214 

.89840 

19 

42 

.77643 

.87238 

.12762 

.90405 

18 

42 

.78642 

.88812 

.11188 

.89830 

18 

43 

.77660 

.87264 

.12736 

.90396 

17 

43 

.78658 

.88838 

.11162 

.89820 

17 

44 

.77677 

.87290 

.12710 

.90386 

16 

44 

.78674 

.88864 

.11136 

.89810 

16 

45 

9.77694 

9.87317 

10.12683 

9.90377 

15 

45 

9.78691 

9.88890 

10.11110 

9.89801 

15 

46 

.77711 

.87343 

.12657 

.90368 

14 

46 

.78707 

.88916 

.11084 

.89791 

14 

47 

.77728 

.87369 

.12631 

.90358 

13 

47 

.78723 

.88942 

.11058 

.89781 

13 

48 

.77744 

.87396 

.12604 

.90349 

12 

48 

.78739 

.88968 

.11032 

.89771 

12 

49 

.77761 

.87422 

.12578 

.90339 

11 

49 

.78756 

.88994 

* .11006 

.89761 

11 

50 

9.77778 

9.87448 

10.12552 

9.90330 

10 

50 

9.78772 

9.89020 

10.10980 

9.89752 

10 

61 

.77795 

.87475 

.12525 

.90320 

9 

51 

.78788 

.89046 

.10954 

.89742 

9 

52 

.77812 

.87501 

.12499 

.90311 

8 

52 

.78805 

.89073 

.10927 

.89732 

8 

63 

.77829 

.87527 

.12473 

.90301 

7 

53 

.78821 

.89099 

.10901 

.89722 

7 

64 

.77846 

.87554 

.12446 

.90292 

6 

54 

.78837 

.89125 

.10875 

1 .89712 

6 

55 

9.77862 

9.87580 

10.12420 

9.90282 

5 

55 

9.78853 

9.89151 

10.10849 

9.89702 

5 

66 

.77879 

.87606 

.12394 

.90273 

4 

56 

.78869 

,.89177 

.10823 

.89693 

4 

67 

.77896 

.87633 

.12367 

.90263 

1 

57 

.78886 

.89203 

.10797 

.89683 

3 

68 

.77913 

.87659 

.12341 

.90254 


58 

.78902 

.89229 

.10771 

.89673 

2 

59 

.77930 

.87685 

.12315 

.90244 ; 

1 

59! 

.78918 

.89255 

.10745 

.89663 

i 

50 

9.77946 

9.87711 

10.12289 

9.90235 1 

0 

•• 

9.78934 

9.89281 

10.10719 

9.89653 

0 


CX>8lne. 

Cotang.1 

Tang. 1 

1 Sine. 1 

0 

_! 

Cosine. 

Cotang. 

Tang. 

Sine. 



*LiOg secant—colog cosine—log cosine; log cosecant —colog sine — 
1—log sine. 

Ex,—Log sec 36®- 3(K-10.09482. Ex.—Lug cosec 36®- 30'-10.22561 
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8.-r-L<]^arithfiitc Sines* Takg&nt8»‘Cotanobkt8» Cosmss.—(Cont*d.) 
(Sbcakts, Cosbcants.)* 

38 !__* 39 !_ 


* 1 Sine. I Tang. \ Cotang. | Coalne. I I1 M Sine. | Tang, j Cotang. \ Coalne. I 


0 

9.78934 

9.89281 

10.10719 

9.89653 

60 

0 

9.79887 

9.90837 

10.09163 

9:89050 

SO 

1 

.78950 

.89307 

.10693 

.89643 

69 

1 

.79903 

.90863 

.09137 

.89040 

69 

2 

.78967 

.89333 

.10667 

.89633 

68 

2 

.7991& 

.90889 

.09111 

.89030 

58 

3 

.78983 

.89359 

.10641 

.89624 

67 

5 

.79934 

.90914 

.09086 

.89020 

67 

4 

.78999 

.89385 

.10615 

.89614 

56 

4 

.79950 

.90940 

.09060 

.89009 

56 

5 

9.79015 

9.89411 

10.10589 

9.89604 

55 

5 

9.79965 

9.90966 

10.09034 

9.88999 

55 

6 

.79031 

.89437 

.10563 

.89594 

54 

6 

.79981 

.90992 

.09008 

.88989 

54 

7 

.79047 

.89463 

.10537 

.89584 

53 

7 

.79996 

.91018 

.08982 

.88978 

53 

8 

.79063 

.89489 

.10511 

.89574 

62 

1 

.80012 

.91043 

.08957 

.88968 

52 

9 

.79079 

.89515 

.10485 

.89564 

51 

J 

.80027 

.91069 

.08931 

.88958 

61 

10 

9.79095 

9.89541 

10.10459 

9.89554 

50 

1C 

9.80043 

9.91095 

10.08905 

9.88948 

50 

11 

.79111 

.89567 

.10433 

.89544 

49 

11 

.80058 

.91121 

.08879 

.88937 

49 

12 

.79128 

.89593 

.10407 

.89534 

48 

12 

.80074 

.91147 

.08853 

.88927 

48 

13 

.79144 

.89619 

.10381 

.89524 

47 

13 

.80089 

.91172 

.08828 

.88917 

47 

14 

.79160 

.89645 

.1035S 

.89514 

46 

14 

.80105 

.91198 

.08802 

.88906 

46 

15 

9.79176 

9.89671 

10.10329 

9.89504 

45 

15 

9.80120 

9.91224 

10.08776 

9.88896 

45 

16 

.79192 

.89697 

.10303 

.89495 

44 

16 

.80136 

.91250 

.08750 

.88886 

44 

17 

.79208 

.89723 

.10277 

.89485 

43 

17 

.80151 

.91276 

.08724 

.88875 

43 

18 

.79224 

.89749 

.10251 

.89475 

42 

18 

.80166 

.91301 

.08699 

.88865 

42 

19 

.79240 

.89775 

.10225 

.89465 

41 

19 

.80182 

.91327 

.08673 

.88855 

41 

20 

9.79256 

9.89801 

10.10199 

9.89455 

40 

20 

9.80197 

9.91353 

10.08647 

9.88844 

40 

21 

.79272 

.89827 

.10173 

.89445 

39 

21 

.80213 

.91379 

..08621 

.88834 

39 

22 

.79288 

.89853 

.10147 

.89435 

38 

22 

.80228 

.91404 

.08596 

.88824 

38 

23 

.79304 

.89879 

.10121 

.89425 

37 

23 

.80244 

.91430 

.08570 

.88813 

37 

24 

.79319 

.89905 

.10095 

.89415 

36 

24 

.80259 

.91456 

.08544 

.88803 

36 

25 

9.79335 

9.89931 

10.10069 

9.89405 

35 

25 

9.80274 

9.91482 

10.08518 

9.88793 

35 

26 

.79351 

. 89957 

.10043 

.89395 

34 

26 

.80290 

.91507 

.08493 

.88782 

34 

27 

.79367 

.89983 

.10017 

.89385 

33 

27 

.80305 

.91533 

.08467 

.88772 

33 

28 

.79383 

.90009 

.09991 

,89375 

32 

28 

.80320 

.91559 

.08441 

.88761 

32 

29 

.79399 

.90035 

.09965 

.89364 

31 

29 

.80336 

.91585 

.08415 

.88751 

31 

30 

9.79415 

9.90061 

10.09939 

9.89354 

30 

30 

9.80351 

9.91610 

10.08390 

9.88741 

30 

31 

.79431 

.90086 

.09914 

.89344 

29 

31 

.80366 

.91636 

.08364 

.88730 

29 

32 

.79447 

.90112 

.09888 

.89334 

28 

32 

.80382 

.91662 

.08338 

.88720 

28 

33 

.79463 

.90138 

.09862 

.89324 

27 

33 

.80397 

.91688 

.08312 

.88709 

27 

34 

.79478 

.90164 

.09836 

.89314 

26 

34 

.80412 

1 .91713 

.08287 

.88699 

26 

35 

9.79494 

9.90190 

10.09810 

9.89304 

25 

35 

9.80428 

9.91739 

10.08261 

9.88688 

25 

36 

.79510 

.90216 

.09784 

.89294 

24 

36 

.80443 

.91765 

. 08235 

.88678 

24 

37 

.79526 

.90242 

.09758 

.89284 

23 

37 

.80458 

.91791 

' .08209 

.88668 

23 

38 

.79542 

.90268 

.09732 

.80274 

22 

38 

.80473 

.91816 

.08184 

.88657 

22 

39 

.79558 

.90294 

.09706 

.89264 

21 

39 

.80489 

.91842 

.08158 

.88647 

21 

40 

9.79573 

9.90320 

10.09680 

9.89254 

20 

40 

9.80504 

9.91868 

10.08132 

9.88636 

20 

41 

.79589 

.90346 

,09654 

.89244 

19 

41 

.80519 

.91893 

.08107 

.88626 

19 

42 

.79605 

.90371 

.09629 

.89233 

18 

42 

.80534 

.91919 

.08081 

.88615 

18 

43 

.79621 

.90397 

.09603 

.89223 

17 

43 

.80550 

.91945 

.08055 

.88605 

17 

44 

,79636 

.90423 

.09577 

.89213 

16 

44 

.80565 

.91971 

.08029 

.88594 

16 

45 

9.79652 

9.90449 

10.09551 

9.89203 

15 

45 

9.80580 

9.91996 

10.08004 

9.88584 

15 

46 

.79668 

.90475 

.09525 

i .89193 

14 

46 

1 .80595 

.92022 

.07978 

.88573 

14 

47 

.79684 

.90501 

.09499 

1 .89183 

13 

47 

1 .89610 

.92048 

.07952 

.88563 

13 

48 

.79689 

.90527 

.09473 

.89173 

12 

48 

.80625 

.92073 

.07927 

.88552 

12 

49 

.79715 

.90553 

.09447 

.89162 

11 

49 

.80641 

.92099 

.07901 

.88542 

11 

50 

9.79731 

9.90578 

10.09422 

9.89152 

10 

50 

9.80656 

9.92125 

10.07875 

9.88531 

10 

51 

.79746 

.90604 

.09396 

.89142 

9 

61 

.80671 

.92150 

.07850 

.88521 

9 

52 

.79762 

.90630 

.09370 

.89132 

8 

52 

.80686 

.92176 

.07824 

.88510 

8 

53 

.79778 

.90656 

.09344 

.89122 

7 

63 

.80701 

. 92202 

.07798 

.88499 

7 

54 

.79793 

.90682 

.09318 

.89112 

6 

54 

.80716 

.92227 

.07773 

.88489 

6 

55 

9.79809 

9.90708 

10.09292 

9.89101 

5 

55 

9.80731 

9.92253 

10.07747 

9.88478 

5 

56 

.79825 

.90734 

.09266 

.89091 

4 

56 

.80746 

.92279 

.07721 

.88468 

4 

57 

.79840 

.90759 

.09241 

.89081 

3 

67 

.80762 

.92304 

.07696 

.88457 

3 

58 

.79856 

.90785 

.09215 

.89071 

2 

58 

.80777 

.92330 

.07670 

.88447 

2 

59 

.79872 

.90811 

.09189 

.89060 

1 

69 

.80792 

.92356 

.07644 

.88436 

1 

00 

9.79887 

9.90837 

10.09163 

9.89050 

0 

60 

9.80807 

9. 92381 

10.07619 

9.88425 

0 


Cosine. 

Cotang. 

Tang. 

Sine, t 

Zj 

-J 

Cosine. 1 Co tang. 1 

Tang, i 

Sine. 

* 




*Log secant-• colog cosine—1—log cosine; log cosecant — colog sine — 
log sine. 

Log sec 38®- SO'- 10 10646. Log cosec 38®- SCX- 10.20585. 
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3. —Losarithmic Sines, Tangents, Cotangents, Cosines.— (Cont’d.) 
(Secants, Cosecants.) ♦ 


iO^ _^ 


■ 1 

Sine. 1 

1 Tang. 

1 Cotang. 1 Cosine. I II ' I 

1 Sine. 

1 Tang. 

1 Cotang. 1 Cosine. | 

0 

9.80807 

9.92381 

10.07619 

9.88425 

60 

0 

9.81694 

9.93916 

10.06084 

9.87778 

60 

1 

.80822 

.92407 

.07593 

.88415 

59 

1 

.81709 

.93942 

.06058 

.87767 

59 

2 

.80837 

.92433 

.07567 

.88404 

58 

2 

.81723 

.93967 

.06033 

.87756 

58 

3 

.80852 

.92458 

.07542 

.88394 

57 

3 

.81738 

.93993 

.06007 

.87745 

67 

4 

.80867 

.92484 

.07516 

.88383 

56 

4 

.81752 

.94018 

.05982 

,87734 

56 

5 

9.80882 

9.92510 

10.07490 

9.88372 

55 

5 

9.81767 

9.94044 

10.05950 

9.87723 

55 

€ 

.80897 

.92535 

.07465 

.88362 

54 

6 

.81781 

.94069 

.05931 

.87712 

54 

7 

.80912 

.92561 

.07439 

.8&351 

53 

7 

.81796 

.94095 

.05905 

.87701 

53 

8 

.80927 

.92587 

.07413 

.88340 

52 

8 

.81810 

.94120 

.05880 

.87690 

52 

9 

.80942 

.92612 

.07388 

.88330 

51 

9 

.81825 

.94146 

.05854 

.87679 

51 

10 

9.80957 

9.92638 

10.07362 

9.88319 

50 

10 

9.81839. 

9-94171 

10.05829 

9.87668 

50 

11 

.80972 

.92663 

.07337 

.88308 

49 

11 

.81854 

.94197 

.05803 

.87657 

49 

12 

.80987 

.92689 

.07311 

.88298 

48 

12 

.81868 

.94222 

.05778 

.87646 

48 

13 

.81002 

.92715 

.07285 

.88287 

47 

13 

.81882 

.94248 

.05752 

.87635 

47 

14 

.81017 

.92740 

.07260 

.88276 

46 

14 

.81897 

.94273 

.05727 

.87624 

46 

15 

9.81032 

9.92766 

10.07234 

9.88266 

45 

15 

9.81911 

9.94299 

10.05701 

9.87613 

45 

16 

.81047 

.92792 

.07208 

.88255 

44 

16 

.81926 

.94324 

.05676 

.87601 

44 

17 

.81061 

.92817 

.07183 

.88244 

43 

17 

.81940 

.94350 

.05650 

.87590 j 

43 

18 

.81076 

.92843 

.07157 

.88234 

42 

18 

.81955 

.94375 

.05625 

.87579 

42 

19 

.81091 

.92868 

.07132 

.88223 

41 

19 

.81969 

.94401 

.05599 

.87568 

41 

20 

9.81106 

9.92894 

10.07106 

9.88212 

40 

20 

9.81983 

9.94426 

10.05574 

9.87557 

40 

21 

.81121 

.92920 

.07080 

.88201 

39 

21 

.81998 

.94452 

.055^8 

.87546 

39 

22 

. 81136 

.92945 

.07055 

.88191 

38 

22 

.82012 

.94477 

.05523 

.87535 

38 

23 

.81151 

.92971 

.07029 

.88180 

37 

23 

.82026 

.94503 

.05497 I 

.87524 

37 

24 

.81166 

.92996 

.07004 

.88169 

36 

24 

.82041 

.94528 

.05472 

.87513 

36 

25 

9.81180 

9.93022 

10.06978 

9.88158 

35 

25 

9.82055 

9.94554 

10.05446 

9.87501 

35 

26 

.81195 

.93048 

.06952 

.88148 

34 

26 

.82069 

.94579 

.05421 

.87490 

34 

27 

.81210 

.93073 

.06927 

.88137 

*33 

27 

.82084 

.94604 

.05396 

.87479 

33 

28 

.81225 

.93099 

.06901 

.88126 

32 

28 

.82098 

.94630 

.05370 

.87468 

32 

29 

.81240 

.93124 

.06876 

.88115 

31 

29 

.82112 

.94655 

.05345 

.87457 

31 

30 

9.81254 

9.93150 

10.06850 

9.88105 

30 

30 

9.82126 

9.94681 

10.05319 

9.87446 

30 

31 

.81269 

.93175 

.06825 

.88094 

29 

31 

.82141 

.94706 

.05294 

.87434 

29 

32 

.81284 

.93201 

.06799 

.88083 

28 

32 

.82155 

.94732 

.05268 

.87423 

28 

33 

.81299 

.93227 

,06773 

.88072 

27 

33 

.82169 

.94757 

.05243 

.87412 

27 

34 

.81314 

.93252 

.06748 

.88061 

26 

34 

.82184 

.94783 

.05217 

.87401 

26 

35 

9.81328 

9.93278 

10.06722 

9.88051 

25 

35 

9.82198 

9.94808 

10.05192 

9.87390 

25 

36 

.81343 

.93303 

.06697 

.88040 

24 

36 

.82212 

.94834 

.05166 

.87378 

24 

37 

.81358 

.93329 

.06671 

.88029 

23 

37 

.82226 

.94859 

.05141 

.87367 

23 

38 

.81372 

.93354 

.06646 

.88018 

22 

38 

.82240 

.94884 

.05116 

.87356 

22 

39 

! .81387 

.93380 

.06620 

.88007 

21 

39 

.82255 

.94910 

05090 

.87345 

21 

40 

9.81402 

9.93406 

10.06594 

9.87996 

20 

40 

9.82269 

9.94935 

10.05065 

9.87334 

20 

41 

.81417 

.93431 

.06569 

.87985 

19 

41 

.82283 

.94961 

.05039 

.87322 

19 

42 

.81431 

.93457 

.06543 

.87975 

18 

42 

.82297 

.94986 

.05014 

.87311 

18 

43 

.81446 

.93482 

.06518 

.87964 

17 

43 

.82311 

.95012 

.04988 

.87300 

17 

44 

.81461 

.93508 

.06492 

.87953 

16 

44 

.82326 

.95037 

.04963 

.87288 

16 

45 

9.81475 

9.93533 

10.06467 

9.87942 

15 

45 

9.82340 

9.95062 

10.04938 

9.87277 

15 

46 

.81490 

.93559 

.06441 

.87931 

14 

46 

.82354 

.95088 

.04912 

.87266 

14 

47 

.81505 

.93584 

.06416 

.87920 

13 

47 

.82368 

.95113 

.04887 

.87255 

13 

48 

.81519 

; .93610 

.06390 

.87909 

12 

48 

.82382 

.95139 

.0486I 

.87243 

12 

49 

.81534 

1 .93636 

.06364 

.87898 

11 

49 

.82396 

.95164 

.04836 

.87232 

11 

50 

9.81549 

9.93661 

10.06339 

9.87887 

10 

50 

9.82410 

9.95190 

10.04810 

9.87221 

10 

61 

81563 

.93687 

.06313 

.87877 

9 

51 

.82424 

.95215 

.04785 

.87209 

9 

52 

.81578 

.93712 

.06288 

.87866 

8 

52 

.82439 

.95240 

.04760 

.87198 

8 

53 

.81592 

.93738 

.06262 

.87855 

7 

53 

.82453 

95266 

.04734 

.87187 

7 

54 

.81607 

.93763 

1 .06237 

.87844 

6 

54 

.82467 

.95291 

.04709 

.87175 

6 

55 

9 81622 

9.93789 

10 06211 

9.87833 

5 

55 

9.82481 

9.95317 

10.04683 

9.87164 

5 

56 

.81636 

.93814 

.06186 

.87822 

4 

56 

.82495 

.95342 

.04658 

.87153 

4 

57 

.81651 

.93840 

; .06160 

.87811 

3 

57 

.82509 

.95368 

.04632 

.87141 

3 

58 

81665 

.93865 

.06135 

.87800 

2 

58 

.82523 

.95393 

.04607 

.87130 

2 

59 

81680 

.93891 

,06109 

.87789 

1 

59 

.82537 

.95418 

.04582 

.87119 

1 

60 

9.81694 

9.93916 

10.06084 

9.87778 

0 

60 

9.82551 

9.95444 

10.04556 

9.87107 

0 


Cosine. 

Cotang. I 

1 Tang. 1 

Sine, 

' 1 

1 

Cosine. 1 Cotang. 1 

1 Tang. 

Sine. 

# '■ 


49 ®_ 48 ® 


♦Ix)g secants*colog cosine—1 —log cosine; log cosecant — colog sine— 
I—log sine. 

Lo^ sec 40®- 30'-10.11895. Log cosec 40®- 30'- 10.18746. 
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8. -Losarithmic Sines, TaKgbnts, Cotakgents, Cosines.— (Cont’d.> 
^Secants, Cosecants.)* 


<J2° _^ 



1 Sloe. 

1 Tang. 

1 Cotang. 1 Cosine. | 

II 

t Sine. 

1 Tang. 

1 Cotang. 1 Cosine.) 

0 

9.82551 

9.95444 

10.04556 

9.87107 

60 

0 

9.83378 

9.96966 

10.03034 

8.86413 

60 

1 

.82565 

.95469 

.04531 

.87096 

59 

1 

.83392 

.96991 

.03009 

.86401 

69 

2 

.82579 

.95495 

.04505 

.87085 

58 

2 

.83409 

.97016 

.02984 

.86389 

58 

3 

.82593 

.95520 

.04480 

.87073 

57 

3 

.a3419 

.97042 

.02958 

.86377 

67 

4 

.82607 

.95545 

.04455 

.87062 

56 

4 

.83432 

.97067 

.02933 

.86366 

66 

S 

9.82621 

9.95571 

10.04429 

9.870.50 

55 

5 

9.83446 

9.97092 

10.02908 

9.86354 

55 

6 

.82635 

.95596 

.04404 

.87039 

54 

6 

.83459 

.97118 

.02882 

.86342 

54 

7 

.82649 

.95622 

.04378 

.87028 

53 

7 

.83473 

.97143 

.02857 

.86330 

63 

8 

.82663 

.95647 

.04353 

.87016 

52 

8 

.83486 

.97168 

.02^12 

.86318 

53 

9 

.82677 

.95672 

.04.328 

.87005 

51 

9 

.83500 

.97193 

.02807 

.86306 

51 

10 

9.82691 

9.95698 

10.04302 

9.86993 

50 

10 

9.83513 

9.97219 

M. 02781 

9.86295 

50 

11 

.82705 

.95723 

.04277 

.86982 

49 

11 

.83527 

.97244 

.02/56 

.86283 

49 

12 

.82719 

.95748 

.04252 

.86970 

48 

12 

.83540 

.97269 

.02731 

.86271 

48 

13 

.82733 

.95774 

.04226 

.86959 

47 

13 

.83554 

.97295 

.02705 

.86259 

47 

14 

.82747 

.95799 

.04201 

,86947 

46 

14 

.83567 

.97320 

.02680 

.86247 

4« 

15 

9.82761 

9.95825 

10.04175 

9.86936 

45 

15 

9.8358! 

9.97345 

10.02655 

9.86236 

4S 

16 

.82775 

.95850 

.04150 

.86924 

44 

16 

.83594 

.97371 

.02629 

.86223 

44 

17 

.82788 

.95875 

.04125 

.86913 

43 

17 

.83608 

.97396 

.02604 

.86211 

43 

18 

.82802 

.95901 

.04099 

.86902 

42 

18 

.83621 

.97421 

.02579 

.86200 

42 

19 

.82816 

.95926 

.04074 

.86890 

41 

19 

.83634 

.97447 

.02553 

.86188 

41 

20 

9.82830 

9.95952 

10.04048 

9.86879 

40 

20 

9.B3648 

9.97472 

10.02528 

9.86176 

40 

21 

.82844 

.95977 

.04023 

.86867 

39 

21 

.83661 

.97497 

.02503 

.86164 

39 

22 

.82858 

.96002 

.03998 

.86855 

38 

22 

.83674 

.97523 

.02477 

.86152 

38 

23 

.82872 

.96028 

.03972 

.86844 

37 

23 

.83688 

.97548 

.02452 

.86140 

37 

24 

.82885 

.96053 

.03947 

.86832 

36 

24 

.83701 

.97573 

.02427 

.86128 

36 

25 

9.82899 

9.96078 

10.03922 

9.86821 

35 

25 

9.83715 

9.97598 

10.02402 

9.86116 

35 

26 

.82913 

.96104 

.03896’ 

.86809 

34 

26 

.83728 

.97624 

.02376 

.86104 

34 

27 

.82927 

.96129 

.03871 

.86798 

33 

27 

.83741 

.07649 

.02351 

.86092 

33 

28 

.82941 

.96155 

.03845 

.86786 

32 

28 

.83755 

.97674 

.02326 

.86080 

32 

29 

.82955 

.96180 

.03820 

.86775 

31 

29 

.83768 

.97700 

.02300 

.86068 

31 

30 

9.82968 

9.96205 

10.03795 

9.86763 

30 

30 

9.83781 

9.97725 

10.02275 

9.86056 

30 

31 

.82982 

.96231 

.03769 

.86752 

29 

31 

.83795 

.97750 

.02250 

.86044 

29 

32 

.82996 

.96256 

.03744 

,86740 

28 

32 

.83808 

.97776 

.02224 

.86032 

28 

33 

.83010 

.96281 

.03719 

.86728 

27 

33 

.83821 

,97801 

.02199 

.86020 

27 

34 

.83023 

.96307 

.03693 

.86717 

26 

34 

.83834 

.97826 

.02174 

.86008 

26 

35 

9.83037 

9.96332 

10.03668 

9.86705 

25 

35 

9.8384» 

9.97851 

10.02149 

9.85996 

25 

36 

.83051 

.96357 

.03643 

.86694 

24 

36 

.83861 

.97877 

.02123 

.85984 

24 

37 

.83065 

.96383 

.03617 

.86682 

23 

37 

.83874 

.97902 

.02098 

.85972 

23 

38 

.83078 

.96408 

.03592 

,.86670 

22 

38 

.83887 

.97927 

.02073 

.85960 

22 

39 

.83092 

.96433 

.03567 

.86659 

21 

39 

.83901 

.97953 

.02047 

.85948 

21 

40 

9.83106 

9.96459 

10.03541 

9.86647 

20 

40 

9.83914 

9.97978 

10.02022 

9.85936 

20 

41 

.83120 

.96484 

.03516 

.86635 

19 

41 

.83927 

.98003 

.01997 

.85924 

19 

42 

.83133 

.96510 

.03490 

.86624 

18 

42 

.83940 

.98029 

.01971 

.85912 

18 

43 

.83147 

.96535 

.03465 

.86612 

17 

43 

.83954 

.98054 

.01946 

.85900 

17 

44 

.83161 

.96560 

.03440 

.86600 

16 

44 

.83967 

.98079 

.01921 

.85888 

16 

45 

9. ail 74 

9.96586 

10.03414 

9.86589 

15 

45 

9.83980 

9.98104 

10.01896 

9.85876 

15 

46 

.83188 

.96611 

.03389 

.86577 

14 

46 

.83993 

.98130 

.01870 

.85864 

14 

47 

.83202 

.96636 

.03364 

.86565 

13 

47 

.84006 

.98155 

.01845 

.85851 

13 

48 

.83215 

.96662 

.03338 

.86554 

12 

48 

.84020 

.98180 

.01820 

.85839 

12 

49 

.83229 

.96687 

.03313 

.86542 

11 

49 

.84033 

.98206 

.01794 

.85827 

11 

50 

9.83242 

9.96712 

10.03288 

9.86530 

10 

50 

9.84046 

9.98231 

10.01769 

9.85815 

10 

51 

.83256 

.96738 

.03262 

.86518 

9 

51 

.84059 

.98256 

.01744 

.85803 

( 9 

62 

.83270 

.96763 

.03237 

,86507 

8 

52 

.84072 

.98281 

.01719 

i .85791 

8 

53 

.83283 

.96788 

.03212 

.86495 

7 

53 

.84085 

.98307 

.01693 

.85779 

7 

54 

.83297 

.96814 

.03186 

.86483 

6 

54 

.84098 

.98332 

.01668 

.85766 

6 

55 

9.83310 

9.96839 

10.03161 

9.86472 

5 

55 

9.84112 

9.98357 

10.01648 

9.85754 

5 

56 

.83324 

.96864 

.03136 

.86460 

4 

56 

.84125 

.98383 

.01617 

.85742 

4 

57 

.83338 

.96890 

.03110 

.86448 

3 

57 

.84138 

.98408 

.01592 

.85730 

3 

58 

.83351 

.96915 

.03085 

.86436 

2 

58 

.84151 

.93433 

.01567 

.85718 

2 

69 

.a3365 

.96940 

.03060 

.86425 

1 

59 

.84164 

.98458 

.01542 

.85706 

1 

40 

9.83378 

9.96966 

10.03034 

9.86413 

0 

1 60 

9.84177 

9.98484 

10.01516 

9.85693 

0 


Cosine. 

Ootang.l 

Tang. 

Sine. 

1 ' 

1 

Cosine. 1 Cotang. 1 Tang. 

1 Sine. ) 


47 ® 46 ® 


*Log secant—colog cosine—1 —log cosine; log cosecantcolog ^ine — 
I—log sine. 

Bx.--Lo8 sec 42®- 3(K -10.13237. iSirr.—Log cosec 42®- 30' -10.17038. 
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3—Logarithmic Sines, Tangents. Cotangents, Cosines.— (ConcVd.) 
(Secants, Cosecants.) 

44 ®__ 


* t Sine, i Tang, j Cotang. 1 Cosine. | H * I Sine, j Tang. | Cotang. | Cosine. | 


0 

9.84177 

9.98484 

10.01516 

9.85693 

60 

30 

9.84566 

9.99242 

10.00758 

9.85324 

30 

1 

.84190 

.98509 

.01491 

. 85681 

59 

31 

.84579 

.99267 

.00733 

.85312 

29 

2 

.84203 

.98534 

.01466 

.85669 

58 

32 

.84592 

.99293 

.00707 

.85299 

28 

3 

.84216 

.98560 

.01440 

.85657 

57 

33 

.84605 

.99318 

.00682 

.85287 

27 

4 

.84229 

.98585 

.01415 

.85645 

56 

34 

84618 

.99343 

.00657 

.85274 

26 

5 

9.84242 

9.98610 

10.01390 

9.85632 

55 

35 

9.84630 

9.99368 

10.00632 

9.85262 

25 

6 

.84255 

.98635 

.01365 

.85620 

54 

36 

.84643 

.99394 

.00606 

.85250 

24 

7 

.84269 

.98661 

.01339 

.85608 

53 

37 

.84656 

.99419 

.00581 

.85237 

23 

8 

.84282 

.98686 

.01314 

.85596 

52 

38 

.84669 

.99444 

.00556 

.85225 

22 

9 

.84295 

.98711 

.01289 

.85583 

51 

39 

.84682 

.99469 

.00531 

.85212 

21 

10 

9.84308 

9.98737 

10.01263 

9.85571 

50 

40 

9.84694 

9.99495 

10.00605 

9.85200 

20 

11 

.84321 

.98762 

.01238 

.85559 

49 

41 

.84707 

.99520 

.00480 

.85187 

19 

12 

. .84334 

.98787 

.01213 

.85547 

48 

42 

.84720 

.99545 

.00455 

.85175 

18 

13 

.84347 

.98812 

.01188 

.85534 

47 

43 

.84733 

.99370 

.00430 

.85162 

17 

14 

.84360 

.98838 

.01162 

.85522 

46 

44 

.84745 

.99596 

.00404 

.85150 

16 

15 

9.84373 

9.98863 

10.01137 

9.85510 

45 

45 

9.84758 

9.99621 

10.00379 

9.85137 

15 

16 

.84385 

.98888 

.01112 

.85497 

44 

46 

.84771 

.99646 

.00354 

.85125 

14 

17 

.84398 

.98913 

.01087 

.85485 

43 

47 

.84784 

.99672 

.00328 

.85112 

13 

18 

.84411 

.98939 

.01061 

.85473 

42 

48 

.84796 

.99697 

.00303 

.85100 

12 

19 

.84424 

.98964 

.01036 

.85460 

41 

49 

.84809 

.99722 

.00278 

.85087 

11 

20 

9.84437 

9.98989 

10.01011 

9.85448 

40 

50 

9.84822 

9.99747 

10.00253 

9.85074 

10 

21 

.84450 

.99015 

.00985 

.85436 

39 

51 

.84835 

.99773 

.00227 

.85062 

9 

22 

.84463 

.99040 

.00960 

.85423 

38 

52 

.84847 

.99798 

.00202 

.85049 

8 

23 

.84476 

.99065 

.00935 

.85411 

37 

53 

.84860 

.99823 

.00177 

.85037 

7 

24 

.84489 

.99090 

.00910 

.85399 

36 

54 

.84873 

.99848 

.00152 

.85024 

6 

25 

9.84502 

9.99116 

10.00884 

9.85386 

35 

55 

9.84885 

9.99874 

10.00126 

9.85012 

5 

'26 

.84515 

.99141 

.00859 

.85374 

34 

56 

.84898 

.99899 

.00101 

.84999 

4 

27 

.84528 1 

.99166 

.00834 

.85361 

33 

57 

.84911 

.99924 

.00076 

.84986 

3 

28 

.84540 1 

.99191 

.00809 

.85349 

32 

58 

.84923 

.99949 

.00051 

.84974 

2 

29 

.84553 

.99217 

.00783 

.85337 

31 

59 

.84936 

.99975 

.00025 

.84961 

1 

30 

9.84566 

9.99242 

10.00758 

9.85324 

30 

60 

9.84949 

10.00000 

10.00000 

9.84949 

0 

! 

Cosine. 

Cotang. 

Tang. 

Sine. 



Cosine. 1 Cotang. 1 Tang. 

Sine. 



_ ^ 


3a. —^Tablb por Finding the Logarithmic Sines and Tangents op 
Small Angles. 

[Values of S and T in Formulas Below. ♦] 


A. 

A(sec.). 

s. 

A. 

A(sec.). 

T. 

A. 

A(sec.). 

T. 

O^OO'Otr 

oootr 

4.68567 

0®00'00" 

000" 

4.68667 

1®25'40" 

5140" 

4.68666 

o®40'i(r 

2410'' 

67 

0®03'00" 

180" 

67 

1®25'50" 

5160" 

67 

0®40'2(r 

2420^ 

66 

0®03'20" 

200" 

68 

1®30'20" 

5420" 

67 

0®57'0(r 

3420^ 

66 

0®28'40" 

1720" 

68 

1®30'30" 

5430' 

68 

0®57'10^ 

3430" 

66 

0*28'50" 

1730' 

69 

1®34'40" 

5680' 

68 

vovav 

4190* 

66 

0®40'20" 

2420" 

69 

1®34'50" 

5690' 

69 


4200* 

64 

0*40'30* 

2430' 

60 

1®39'00" 

5940' 

69 

1*20'40' 

4840* 

64 

0®49'30" 

2970" 

60 

1®39'10" 

5950' 

70 

l®20'5(r 

4850* 

63 

0® 49^40" 

2980' 

61 

l*43'00' 

6180' 

70 


5410' 

63 

0®67'10" 

3430' 

61 

1*43'10' 

6190* 

71 

l®30'2(r 

5420' 

62 

0°57'20" 

3440' 

62 

1*46'50* 

6410' 

71 

1®38'50^ 

5930' 

62 

1®03'50" 

3830' 

62 

1*47'00* 

6420' 

72 

l®39'0(r 

5940' 

61 

1®04'00" 

3840' 

63 

1*50'40* 

6640* 

72 

l®46'6(r 

6410' 

61 

rKKOO" 

4200' 

63 

1®60'50' 

666(y 

73 

l®47'0(r 

6420' 

60 

l® 10 'l(r 

4210' 

64 

1*54'10* 

6850' 

73 

i®54a(r 

6850' 

60 

1®16'30" 

4530' 

64 

1*54'20* 

6860' 

74 

l®54'2(r 

osoo* 

49 

l®16'40"j 

4540' 

66 

l“57'4(r 

7060* 

74 

2®oroo*' 

7260' 

49 

l®20'6(r 

4850' 

66 

1*57'50* 

7070' 

75 

2 ®ori(r 

7270' 


i® 2 roo" 

4860' 

66 

2*01'10' 

7270' 

76 


* Log sin A—log A (seconds)+S. Log tan A—log A (seconds)+r. 
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The Solution of Right-Angled Triangles. —Let triangle ABC 
of Fig. 4 represent any right-angled triangle and a, 6, and c, the 
lengths of its sides. Then, with any two sides, or any one side 
and one acute angle known, the missing information can be 
obtained by the following formulas: 


TABLE 4 

Solution op Right-Anc .ed Triangles 


■m, ...= 

Sides and Angles 
Known 

Formulas for Sides find Angles to be Found 

Sides c and a 

h = Vc-* - a - 

. . a 

sin A — " 
c 

B = 90" - A 

Sides c and b 

Sides a and b 

a = Vc'^ - b- 

c = Va* + 6- 

b 

sin B = - 
c 

a 

tan A = - 
b 

A =90° -B 

B = 00° -A 

Side c Ang. A 

== c X sin A 

b ^ c X cos A 

B = 00° - A 

Side c Ang. B 

a = c X cos B 

b == c X sin B 

A =00° -B 

. Side a Ang, A 

a \ 

sin A 

b — a X cot A 

B = 00° - A 

Side a Ang. B 

a 

c — ^ 

cos B 

h ^ a X tan B 

A =00° -B 

Side b Ang. A 

h 

cos A 

a — b X tan A 

B = 00° - A 

Side b Ang. B 

h 

c — 

sin B 

a = b X cot B 

A = 00° -B 


Illustration : A gabled roof has a pitch of 45 degrees. What 
is the length of the rafters if the span 
is 20 feet? 

In this case A and B 

= 45 degrees, C = 20 feet. 

Length of rafter 
= a = c X sin A 

a = 20 X .707 = 14.14 feet (Ans.) 
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IiiLTTSTRATiON: Figure 7 shows a method used to measure the 
distance CB across a river. A surveying party sets points A 
and C, then with a transit at C, a right angle is turned and point B 
set. The distance h is measured and also the angle A. What is 
the distance across the river (o) if 6 is 487.32 feet and ZA is 



a = b X tan A 
log 487.32 = 2.68782 
log tan 35‘='17' = 9.84979 

log a = 2.53761 

a = 344.85 feet (Ans.) 

Solution of Any Plane Triangle. —Not only right triangles but 
any plane triangle may be solved by trigonometric formulas if 
two sides and an angle, or two angles and a side, or three sides are 
given. Four cases will be considered. 

Case I. Given any two sides b and c and their included 
ai^le A. Use any one of the following sets of formulas: 

(1) hiB + C)= 90“ - U 

tan |(B — C) = \ — — tan + C) 
b + c 

B = UB + C) + - C) 

C = UB + 0- hiB - O 

6 sin A 

o =- 

sinB 

csinA 

b — c cos A 


( 2 ) 


tanC = 
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?.93 


(3) 


B = 180® - (A+ 0 

csinA 
a = ——— 
sinC 

a = — 26c cos A 

6 sin A 


sin B = 


C = 180® - (A + R) 

Case II. Given any two angles A and B and any side c. 
C = 180® - (A + B) 


a = 


6 = 


c sin A 
sin C 
c sin B 
sin C 


Case III. Given the three sides a, 6, and c. Use either of the 
following sets of formulas: 


( 1 ) 


cos A = 


cosB = 


h^ + c^ 


2bc 

a2 + c2 - 62 


(2) Let 


2ac 

C = 180® - (A + B) 
s = |(a + 6 + c) 


-4 


(s — a)($ — b){s — c) 


tan JA = 
tan JB = 
tan |C = 


— o 
r 

~b 

r 

— c 



194 HANDBOOK OF APPLIED MATHEMATICS 


(3) Following also comment for case III, let c be longest side, 
and a > b. Then (see Fig. 8) or similarly for any triangle: 

jia + b)ia-b) . -T 

-3-+ cj 

s = c- g 
. s 

cos A =7 
0 

COS B = ~ 

a 

C = 180^ - (A + B) 

Case IV. Given any two sides a and b and an angle A oppo¬ 
site either one of these. 



csin A 
a 

180® - (A + C) 
asinB 
sin A 

Note. There may be two values for the angle C. If, how¬ 
ever, one solution is such that A + C > 180®, use only the other 
value. 

Reference.—^An excellent treatise on trigonometry is also contained 
in the set of mathematics books by J. E. Thompson. This is entitled 
Tbigonometby fob the Pbactical Man and is published by the D. Van 
Nostrand Company. 




VI 


MECHANICS 

Mechanics.—Mechanics is a science which treats of the action 
of forces and their effect upon bodies. A force is defined as a 
push or pull which tends to change the velocity or direction of a 
body^s motion. The units by which a force is measured are pounds 
or tons. Distance measured in linear units and time expressed 
in seconds, minutes, etc., are two other elementary quantities 
in mechanics from which numerous compound quantities are 
derived. 

Work is the product of force by distance. The units for meas¬ 
uring work are derived from the units of force and distance. 
In the British system, the unit of work is the foot-pound. 

Power is the time rate of doing work. In mechanics it is the 
product of force by distance divided by time. Power is commonly 
expressed as inch-pounds per minute, foot-pounds per minute or 
second, etc. Horsepower, H.P., is the unit of power adopted for 
engineering work. One horsepower = 33,000 foot-pounds per 
minute = 550 foot-pounds per second. 

Velocity is the time rate of motion. It is distance divided by 
time, and is expressed in feet per minute, miles per hour, etc. 

Stress and Strain.—An external force applied to a body, so as 
to pull it apart, is resisted by an internal force, or resistance, and 
the action of these forces cause a displacement of the moleculee, 
or deformation. The external forces are called stresses while the 
alteration produced by the stresses is called by the term strain. 
For example, a load on a steel column tends to compress or crush 
the column. At the same time, the column reacts against the 
tendency of the load to crush it and exerts a force opposite to the 

195 
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load. The external force or the tendency of the outside load to 
change the shape of the column is called stress. The internal force 
or the resistance of the column to the tendency of the outside load 
to change its shape is called strain. 

There are five kinds of stresses: 

1. Tensile stress, or pull, is a force which tends to elongate a 
piece of material. 

2. Compressive stress, or push, is a force which tends to shorten 
a piece of material. 

3. Shearing stress is a force which tends to force on part of a 
piece of material to slide over an adjacent part. 

4. Torsional stress, a form of shearing stress, is a force which 
tends to twist a piece of material. 

5. Transverse stress, a combination of tension and compression, 
is a force which tends to bend a piece of material. 

All stresses to which a, material is subjected cause a deforma¬ 
tion in it. If the stress is not too great, however, the material will 
return to its original shape and dimensions when the external 
stress is removed. The property which enables a material to 
return to its original shape and dimensions is called its elasticity. 

The elastic limit is the unit stress beyond which the material 
will not return to its original shape when the load is removed. 

There is a law, called Hooke’s Law, which expresses the rela¬ 
tion between the amount of stress applied to a body and the 
amount of strain it produces. 

Hooke’s Law. The amount of change in the shape of an 
elastic body is proportional to the force applied, provided that the 
elastic limit is not exceeded. In other words the strain is directly 
proportional to the stress. 

For different stresses the rule becomes: 

Tensile stress, the stretch is proportional to the force applied. 

Torsional stress, the twist is proportional to the stress causing it. 

Transverse stress, the deflections are proportioned to the loads 
causing them. 
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Illustbation. If a weight of one pound is hung on a 
spring it lengthens the spring 1.5 inch; what weight would 
lengthen it 0.76 inch? 

X : 1 = 0.75 : 1.5 * 

X = 1 X 0.75 

1.5 = 0.5 

Therefore, | pound weight would lengthen the spring f inch. 

Modulus of Elasticity.—^The modulus of elasticity is a term 
expressing the relation between the amount of extension or com¬ 
pression of a material and the load producing that extension or 
compression. It is defined as the load per unit of section divided 
by the extension per unit of length. 

The following table gives the moduli of elasticity for various 
materials. 

Brass, cast. 9,170,000 Tin, cast. 4,600,000 

Copper. 15,000,000 Iron, cast. 12,000,000 

Lead. 1,000,000 Steel. 28,000,000 

The following rule may be used to find the modulus of elasticity, 
commonly designated by E. 

Divide the stress per square inch by the elongation in one inch 
caused by this stress. Expressed as a formula: 



e 


where E = modulus of elasticity in pounds 
P = stress 

e = elongation in inches 
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Illustration: If the elongation of 0.02 inch is produced in a 
bar 10 inches long by a load of 48,000 pounds per square inch of 
cross section of the bar, find the modulus of elasticity. 



e 


_ 48,000 X 10 
0.02 

= 24,000,000 

Therefore, the modulus of elasticity is 24,000,000 pounds. 

Graphical Representation of Forces.—Forces may be repre¬ 
sented geometrically by straight lines, proportional to the forces. 
The three characteristics which, when known, determine a force 
are (1) direction, (2) place of application, and (3) magnitude. 
These three are defined as follows: 

1. The direction of a force is the direction in which it tends to 
move the body upon which it acts. 

2. The place of application is usually assumed to be a point 
such as the center of gravity. 

3. The magnitude is measured in pounds. 

Composition of Forces.—The operation of finding a single 
force whose effect is the same as that of two or more given forces 
is called the composition of forces. This single force is c?»Ued the 
resultant of the given forces. The separate forces which can be 
so combined are called the components. 

Resolution of Forces.—The operation of finding two or more 
components of a given force is called the resolution of forces. 

Straight lines, drawn to a convenient scale, may be used to 
represent the forces and arrowheads the direction of the force, 
the length of the line being its magnitude. The point of applica¬ 
tion may be any point on the line, although usually it is more 
convenient to assume the point to be at one end. 

In the sketch at the left a 

]-1-1-force is supposed to act along 

A B A J? in a direction from left to 

Fia. 1. right. 
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Illustration: In the above sketch if A is assumed to be the 
point of application, the force is exerted as a pull; but if point B 
is assumed to be the point of application, it would indicate that 
the force is exerted as a push. If the line is 3 units long and if 
each unit represents 5 pounds, the line A, B represents a force of 
fifteen pounds applied at A. 

Composition and Resolution of Forces.—^The following rules 
may be used in the composition and resolution of forces: 

1. The resultant of two forces acting in the same direction, is 
equal to the sum of the forces. 


Illustration: Two forces A B equal to two pounds and A C 
equal to four pounds are both 
applied at point A. Find the 
resultant A D. 

AD — Sum of the forces 



= 2 + 4 = e 


Fia. 2. 


Therefore, the resultant equals 6 pounds. 

2. If two forces act in opposite directions, then their resultant 
is equal to their difference, and the direction of the resultant is 
the same as the direction of the greater of the two forces. 

Illustration: Two forces one A B equal to 3 pounds and 
one A C equal to 5 poimds are both applied at A. Find the resultant. 

AD = Difference of two forces 
=5-3=2 


Therefore, the resultant is 2 pounds and acts in the direction of A C. 

Parallelogram of Forces.—If 
two forces acting on a point are 
represented in magnitude and 
direction by the adjacent sides of 
a parallelogram A B and A C in 
the sketch on the left, the resul¬ 
tant will be represented in magni¬ 
tude and direction by the diagmial 
A R drawn from the intersection of the two component forces. 
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Illustration: If in the figure at the left, two forces, one 
A C of 4 pounds acting in the direction of the arrow, and, one 
A B oi 3 pounds acting in the direction 
of the arrow, are both applied at A, find 
the resultant A R. 

Use the geometrical proposition rela¬ 
tive to the right triangle i.e., the square 
on the hypotenuse is equal to the sum 
of the squares on the other two sides. 
Expressed as a formula: 



A C^ +A 

Tr = VTW+TW 


= V(4 X 4) + (3 X 3) 
= V25 = 6 


Therefore, the resultant is equal to 5 pounds. 

Factor of Safety.—A factor of safety is defined as the ratio 
in which the load that is just sufiicient to overcome instantly the 
strength of a piece of material is greater than the greatest safe 
ordinary working load. The character of the loading determines 
in a large degree the margin that should be left for safety. The 
following table gives the factor of safety for some metals which 
have been determined by an analytical method: 


Cast-iron and other castings.4 

Wrought iron or mild steel.3 

Oil-tempered or nickel steel. 2i 

Hardened steel. 3 

Bronze or brass, rolled or forged.8 
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TABLE 1 


Average Ultimate Strength op Common Metals; Pounds per 
Square Inch 


Material 

Tension 

Compression 

‘ Shear 

Modulus of 
Elasticity 

Cast iron. 

15,000 

80,000 

18,000 

12,000,000 

Wrought iron. 


46,000 . 

40,000 

27,000,000 

Steel castings. 


70,000 

60,000 

30,000,000 

Steel structural. 


60,000 

60,000 

29,000,000 

Cast brass. 


30,000 

36,000 

9,000,000 


TABLE 2 

General Factors of Safety 


Material 

Steady 

load 

Load varying 
from zero to 
maximum in 
one direction 

Load varying 
from zero to 
maximum in 
both 

directions 

Suddenly 
varying loads 

Cast iron. 

6 

10 

15 

20 

Wrought iron. 

4 

6 

8 

12 

Steel. 

5 

6 

8 

12 


Symbols and Formulas for the Strength of Materials.—The 
following symbols are commonly used in the formulas; 

A = area of cross section of material in square inches; 

E = modulus of elasticity; 

I = moment of inertia of section about an axis passing through 
the center of gravity; 

Ip = polar moment of inertia of section; 

Mb = maximum bending moment in inch-pounds; 

Mt = moment of force tending to twist (torsional moment) in 
inch-pounds; 

P = total stress in pounds; 
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Y a: distance from center of gravity to most remote fiber; 

S » permissible working stress in pounds per square inch; 

Z — section modulus for bending (moment of r^istance); 

Zp = section modulus for torsion; 
e = elongation or shortening in inches; 

I — length in inches. 

The following formulas may 
materials: 

For tension and compression: P 
For shear: P 

For torsion: Aft 

For bending: Mi 

Combined bending and torsion: 

Combined moment 

ILLUSTRATIVE PROBLEMS 

(1) Find the diameter of a wrought iron bar which is to sup¬ 
port (in tension) a load of 32,000 pounds if the load is gradually 
applied and then, after having reached its maximum value, grad¬ 
ually removed. 

48,000 -h 6 = 8,000 
P = AXS 



_ 32,000 
“ 8,000 
= 4 sq. in. 

Diameter = 1.128V 4 = 2.256 inches 


be used to calculate strength of 
PI 


=AXS e= 
= A XS 

-f-.Z 


AE 


= VAffc2 -f- A/e^ = SZ 
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Divide 48,000 obtained from the ultimate strength table on 
page 204 by 6, the factor of safety obtained from table on 
same page. 48,000 t- 6 = 8,000 pounds per square inch. Then 
dividing 32,000 by 8,000 obtain the answer of 4 square inches. 
The diameter of a circle of this area is 2\ inches approx. 

(2) In the above problem what would be the total elongation 
of the bar under full load if the bar were 6 feet long? 

P 

AE 

_ 32,000 X 6 X 12 
“ 4 X 27,000,000 
= 0.021 in. 


Multiply 32,000, the load in the above problem, by 6, the length 
of the bar, and then by 12, the number of inches in one foot. 
Divide this product by the product of the area 4 and the modulus 
of elasticity, 27,000,000, obtained from the table on page 201. 
The quotient, 0.021 inch, is the total elongation. 

(3) A square bar 3 feet long firmly fixed at one end, is sup¬ 
porting a load of 4,000 pounds at the outer free end. If the bar 
is to be made of structural steel and the load is steady, find the 
size of bar required for safe loading. 


4,000 X 36 = 144,000 
60,000 -i- 6 = 12,000 



144,000 


12,000 X g* 
12 X is 


144,000 


12,000s3 

6 


= 72, 


s = 4.16 
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Ml, = load X lever arm in inches, in this case 4,000 X 36 or 
144,000 inch-pounds. 

<S = safe stress = 60,000 obtained from the table divided by 5, 
the factor of safety, for a safe load for steel, or 12,000; 

/ = -f- 12 for a square, if s = side of square; 

y = s T- 2 in this case. 

Substituting these values in the equation find size of bar to be 
4.16 inches. 

(4) A square bar made of structural steel is subjected to a 
steady torsional moment of 80,000 inch-pounds. Find the size 
of bar required for safe loading. 

Mt = SZ„ 

80,000 = 9,600 X 

s3 = 32.5, s = 3.17 
Mt = 80,000 

Ultimate strength in shear for torsion = 60,000 X i = 48,000. 

S = 48,000 -r 5 (factor of safety for steel) = 9,600 
Zp = |s® for a square, if s = side of square 

Substituting the above values in the equation for M and evaluating 
find s3 = 32.5 and s = 3.17 in. 

(5) If the bar in the two previous problems is subjected to 
combined bending and torsion find the size of square bar required 
to withstand the combined moment safely. 

M = 144,000 inch-pounds in (3) 

M = 80,000 inch-pounds in (4) 
Combined Moment = 144,000^ -|- 80,000^ 

= 165,000 approx. 

165,000 = SZ 

165,000 = 12,000 X T 

D 

8® = 82.5, 8 = 4.35 in. 


thus 

and 
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Thus 12,000 obtained from (3) is the safe load for steel. — is the 

6 

formula for section modulus. Substituting these values in the 
equation obtain 4.36 in., the size of the required bar. 

Simple Machines.—A machine is a device by which useful 
work is done in such a way that the operator gains in effort, speed 
or convenience. A machine is a simple one when it contains but 
one moving part. The six fundamental simple machines are the 
lever, the pulley, the screw, the inclined'plane, the wedge, and the 
wheel and axle. Practically all of these machines are used in 
the machine shop in some form or other. It is, therefore, desirable 
to know their properties. 




Faroe 


-tr 


Fulorum 



Fig. 6. 


Fig. 6. 


Levers.—A lever is an inflexible rod capable of motion about 
a fixed point, called a fulcrum. The rod may be straight, curved 
or bent at any angle. 

There are three kinds or classes of levers which differ in the 
respective locations of the applied force, the moved weight and 
the fulcrum. 


In the lever of the first class, 
points at which the force and the 
load act (Fig. 5). An example of 
this type of lever is a claw hammer 
pulling a nail. 

In the lever of the second class, 
the load acts at a point between 
the fulcrum and the force (Fig. 6). 
An example of this type of lever 
wheel axle is the fulcrum. 


the fulcrum lies between the 


Fui(frum 

T 


i i" 

h-a—■ 


Force 


Fig. 7. 


I 


Wefght 

wm 


is a wheelbarrow in which the 
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In the lever of the third dose the force acts between the fulcrum 
and the load. 

Levers are usually used to gain power at the expense of time 
or motion. Thus, in a first class lever, if the distance from the 
fulcrum to the force is five times the distance from the fulcrum 
to the weight, it will give five times the power, but the force will 
have to move a distance five times greater than the weight. 

Levers of the third class involve a mechanical disadvantage as 
the power must always be greater than the weight. However, 
there is a gain in motion. 

Law of the Lever.—The force multiplied by its distance to the 
fulcrum is equal to the weight multiplied by its distance to the 
fulcrum. 

The law for bent levers is the same as for straight levers but the 

Force 

I Force 

V 

Fw. 9. 

length of arms is computed on lines from the fulcrum at right 
angles to the direction in which the power and weight act. (See 
Figs. 8 and 9). 

Letting P = power or force; 

a — power arm or distance from the fulcrum to the point 
where power is applied; 

W = weight or resistance; 

b = weight arm or distance from the fulcrum to the 
point where the weight or resistance is applied; 

the law may then be stated as follows: 



PXo = TFX6 
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From this the following relations may be obtained by transposition. 


„ IT X6 

TXT PXa 

P -- , 

W = —T—, 

a 

b ’ 

WXb 

^ PXa 

P ’ 



Illustration: What force in pounds is applied at the brake 
shoe shown in Fig. 10 if a pressure of 50 pounds is exerted on the 
pedal? 

In this case, P = 50 lb, a = 14 in., and 6 = 5 in. 



Fio. 10. 


Then W = ^ = 14C lb (Ans.) 

0 5 

This is an example of a lever of the first class. 


Illustration: What force will be exerted by the rod "A*'* 
in Fig. 11 if a force of 40 pounds is exerted Q,t the handle of the 
lever? 


Here, P = 40 lb, o = 6 + 20 = 26 in., 5 = 6 in. 

^ ^ PXa 40 X 26 ^ 

Then, W = —r— = — r — = 173 lb (Ans.) 

0 6 


This is a lever of the second class. 
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Illustkation: Figure 12 shows an air brake layout. If the 
piston in the air cylinder is 10 inches in diameter and the air pres¬ 
sure is 100 pounds per square inch, what is the pressure on the 
brake shoe? 


Area of piston = 7rr2 = 7rX5X6 = 25t sq. in. 
Pressure on brake rod = P = 100 X 25t = 25007r lb. 
a = 12 in. 6 = 12 + 8 = 20 in. 


Then W = 


P X a 25007r X 12 


b 20 

This is the lever of the third class. 


= ISOOtt = 4712 lb. (Ans.) 




Wheel and Axle.—This is simply an application of the lever of 
the first order so that the power and resistance may act through 
greater distances; the radius of the wheel is the lever arm of the 
power and that of the axle at the bearing, the lever arm of the 
resistance. The hoist on a derrick, the capstan on a ship, and 
the dumbwaiter hoist are common examples of this type of 
machine. 

In considering the wheel and axle, the same formulas are used. 
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the radius of the wheel, R, and the radius of the axle, r, being used 
for power arm and weight arm. Then 


P\W ^ r 1 R — ' 

, WXr 

and P == —-— 

H 

Illustration: If 
the radius of a drum 
on which is wound the 
lifting rope of a wind- A i X I 

lass is 2 inches, find the ! w ^ p ^ w A j 

power that must be ^ ^ p 

exerted at the periphery 

of a wheel 20 inches in diameter when mounted on the same shaft as 
the drum and transmitting power to it if 1800 pounds is to be lifted. 

p = = 360 lb. (Ans.) 


Pulleys.—A pulley is a wheel mounted to revolve on an axle 
and has a grooved rim in which a cord, band or chain is passed to 
transmit the force applied in another direction. A pulley block 
is a device for holding one or more pulleys as a unit. 



a bed 


Fig. 14. 


Pulleys are either fixed or movable, depending on whether they 
are held in a fixed position or move with the load. Fig. 14a shows 
a fixed pulley and Fig. 146 a movable pulley. In the case of the 
former the only mechanical advantage is the change in the direc¬ 
tion of the applied force. 

Figure 14c and d shows two combinations of fixed and movable 
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pulleys. In each of these arrangements, the weight will 
move through half the distance through which the pulling 
force acts. 

Rule for Pulleys .—The force (P) multiplied by the number of 
moving strands equals the weight that can be raised. Stated as 
a formula this is, 



Tr = PXn or P — — or n = 
n 

When W = weight lifted; 

P = force applied on free strand; 
n = number of moving strands. 



Fig. 15. 


Fig. 16. 


Illustration: How many moving strands will be required to 
lift a weight of 600 pounds with a force of 150 pounds? 


n 


E 

P 


600 

150 


4 moving strands. (Ans.) 


Illustration: A weight offers a resistance of 800 pounds 
to being pulled along a floor. What force will be required 
to pull it if a block and tackle with six moving strands is 
attached? (Fig. 16). 
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Differential Pulley.—Figure 17 shows a differential pulley 
which has great general usefulness. In this device an endless 
chain sprocketed to the pulley wheels replaces the rope. The two 
pulleys at the top are slightly different 
diameters and are attached so that they 
rotate as a unit. 

When the chain is drawn over the 
larger pulley it passes around the. 
lower pulley and up over the small 
wheel from which it is imwound, 
causing the loop in which the mov¬ 
able pulley rests to shorten by an 
amount equal to the difference in cir¬ 
cumference of the two upper wheels, 
when they have made one revo¬ 
lution. The weight is moved by an 
amount equal to one-half this differ¬ 
ence. 



Fig. 17. 


This may be condensed into a formula as follows: 


^ W(R - r) 

P =-—- or 

2R 


W = 


2PR 
R - r 


Illustration: A weight of 800 pounds is to be lifted by a dif¬ 
ferential pulley v/hose upper wheels are 16 inches and 15 inches in 
diameter, respectively. What pull or force will be required? 


P = 


W{R ~ r) 800(Y - 


2R 


2 X ¥- 


m 

32 


25 lb. (Ans.) 


What is the ratio of load to power in this illustration? 


Ratio = 


Load 

Force 


m 

25 


32 

— (Ans.) 


Inclined Planes.—An inclined plane is a flat surface sloping or 
inclined from the horizontal. A body moving up an inclined plane 
is opposed both by gravity and friction, while one moving down an 
inclined plane is assisted by gravity and opposed by only friction. 
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When the force which is being applied is exerted in a direction 
parallel to the inclined surface as in Fig. 18, it is evident that the 
power must move through the distance equal to the length of the 
incline in order to raise the weight through 
the distance H. The gain in power will 
then be equal to the length of the incline 
divided by the height, or 



P 

W 


H 

L 


P = 


WXH 


and W = 


PXL 
H ■ 


Illustration: A roll of paper weighing 500 pounds is to be 
rolled up onto a 3-foot loading platform by the use of an incline 
12 feet long. What force will be required if it acts parallel to the 
incline? (Fig. 13.) 


P = 


WXH 

L 


500 X 3 
12 


= 125 lb. 


(Ans.) 


If a force acts along a line parallel to the base as in Fig. 14 
then 


_P 

W 


H 

B 


and 


WXH 
B ’ 


and 


W = 


PXB 

H 


Illustration : What force will be required in the above prob¬ 
lem if the force moving the roll of paper acts horizontally? 
(Fig. 19). 

If L = 12 and jET = 3, then by the law of right triangles, B is 
the square root of the differences of the squares of the hypotenuse 
and the opposite side, or 


B = Vl 22 - 32 = \/l44 - 9 = ^135 = 11.62 ft. 


Then, 


P = 


WXH 


500 X 3 


129.11b. (Ans.) 


B 


11.62 
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If a force acts at any angle to the plane as X in Fig. 20 and the 
angle of the incline makes Y degrees with the horizontal, then 


From which 


P ^ sinF 
W ~ cosX 



Illustration : A boiler drum weighing one ton is to be rolled 
up a 10-dcgree incline. What force will be required (ignoring 
friction) if X is 20 degrees? 


Then, 
P = 


TF X sin F 
cos X 


sin F = sin 10° = 0.1736 
cos X = cos 20° = 0.9397 


2000 X 0.1736 _ 347.2 
0.9397 “ 0.9397 


369.5 lb. 


(Ans.) 


Wedges.—A wedge is a pair of inclined planes united at their 
bases. The power is usually applied by a blow of a heavy body 
or by pressure. Wedges are used for splitting logs and stones and 
raising heavy weights short distances. Due to excessive friction, 
they are not very efficient. 

Ignoring friction, the relations of weight and force may be 
expressed. 


P 

W 


T 

V 


or 


P = 


WXT 

L 


when, P = power applied; 

W = weight or resistance; 

T — thickness of wedge at base; 
L = length of wedge. 



Fig. 21. 
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This may be expressed in the following forms. 


P X £ _ W XT 

T' P ’ 


and 


r 

w 


Illustration: What force will be required to drive a wedge 
4 inches long and | inch thick to raise a 200-pound casting? 


P = 
P = 


WXT _ 200 X f 
L ^ 4: 

200 X 3 600 

—--- =5 19 It). 

4X8 32 


(Ans.) 


Screws.—screw is a modified form of inclined plane. The lead 
of the screw, or the distance the thread advances in going around 
once, corresponds to the height of the incline, and the distance 
around the screw measured on the thread is the length of the incline. 

When a force is applied to raise a weight or overcome resistance 
by means of a screw or nut, either the screw or nut may be fixed, 
the other being movable. The force is generally applied at the 
end of a wrench or lever arm or at the circumference of a wheel. 
The ratio of the power to weight is independent of the diameter 
of the screw. In actual work, a considerable proportion of the 
power transmitted is lost through friction. 

^ Ignoring friction, the force multi- 
J plied by the circumference of the 
circle through which the force arm 
moves, equals the weight or result¬ 
ing force multiplied by the lead of 
the screw. This may be expressed as 

an equation: 

3 

P _ L 
W “ 2irR 

When P ~ power applied; 

L == lead of screw; in single threads the lead is equal to the 
pitch, in double threads the lead is twice the pitch, etc. 

R = length of bar, wrench, or radius of hand wheel used 
to operate screw; 

W = resulting force or weight moved. 



MECHANICS 


215 


Note. All lengths must be expressed in the same unit and 
all forces in one unit. 

The equation may also be expressed in the following forms: 


P 


WXL 

27r/2 


and 




Illustration: What is the pressure produced in a milling 
machine vise if the screw has six single threads per inch, the handle 
a length of 10 inches, if a pressure of 50 pounds is applied and the 
loss through friction is 40 per cent? 


If 40 per cent of the power is lost in friction only 50 — 
(50 X 0.40) = 30 pounds of pressure remains for useful work. 

Since there are six single threads per inch, the lead (L) is 
I inch. 


Then, 


W = 


P X 2rR 
L 


3 0 X 2 X 10 

1 

6 


X3.14 


ir = 300 X 6 X 2 X 3.14 = 3,600 X 3.14 = 11,310 lb. (An^.) 


Mechanical Advantage.—The mechanical advantage of a 
perfect machine is the number obtained by dividing the resist¬ 
ance by the effort. Expressed as a formula: 


, ^ , resistance 

Mechanical advantage =-- 

^ effort 


Many machine problems may be solved by using the principle 
of mechanical advantage. If a machine has a mechanical advan¬ 
tage of 5, an effort of 20 pounds will lift 5 times as much weight, 
or 100 pounds. 

In the lever the mechanical advantage is found by dividing 
the length of effort arm by the length of resistance arm; in the 
wheel and axle by dividing the radius of the wheel by the radius 
of the axle. The mechanical advantage of a fixed pulley is 1, of a 
single movable pulley is 2. 
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TABLE 3 

Properties op Various Sections 


SS€tl0ll«. 

Area of Seefion. 

DIsfenoe from Neutral 
Axis to Extremitiee 

A 

of Section. 



xand Xi 
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Moment of Inertia. 

Seotion Modufue. 

Radius of Gyration. 

I 

S=.i-. 

»i 

,-Vxr 

a4 

12 

a» 

6 

l/l2 

ai 

a» 

« .577a 

S 

8 

1^3 

a* — ai* 

a4 — ai4 

/a* + «]* 

12 

6a 

"V 12 

9* 

uS 

-=,r=r « .llSu# 

- 7 ^=- ^ .289a 

12 

6 2 

/ 12 

bd» 

bd* 

^ « .289d 

12 

6 

1/ 12 

bd» 

bd» 

■ — .577d 

3 

3 

|/ 3 

bd<—Ml’ 

bd«—b,di» 

1 

12 

6d 

\12 (bd — Ml) 

bM« 

bSdP 

bd 

6 (b* -f <b) 

«i/w + jr 

T/6fb»+»r 
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3.—^Pbopebtibs of Vabious Sections— Continued 
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3 .—^PROFBRTiBis OF Vabious SECTIONS— Continued 


Momont of Inortia* 

I 

Saction Modulus, 
s.i. 

Radius of Gyration. 

'-V-^ 

(d*cos* a + a) 

4 

db /d^cosSa + Vsin^aX 

6 V d cosa -ir b sina ' 

/d* co»2 a 4- bS sin^ a 

V 12 

bd* 

36 

bd< 

24 

- 7 ^— =4.23ad 
v'u 

bd» 

12 

bd< 

12 

-^=..408i 

i/e 

^=..049d* 

9rdS 

-=|. = .098d. 

d 

4 

^ 010 (d^ d 

IT (d4-d,4) ^^(d4-d,4) 

^d* + d,* 


32 d d 

4 

9ir* 64 — 007d* 

^ - jji _ o*"*!!!* ■ 

V'»i,._64 ijju 

1152ir ^ 

192 (3ir — 4) ® 

12jr ® 

l.* + 4bb, +V 

36(b + bi) 

b* + 4bbi + bi* 

12 (bj + 2b) 

1 

/2(b*+4bb,+b,») 

e(b+b,)-Y 
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3^PB(n>BBTiBB or Vabious Sbctions —Continued 


Saotiont, 

Ar«« of Sootion. 

A 

Dittonoo from Noulral 
Axis to Extromitiao 
ofSootion. 

*x and xi 



-Iditan. 800 — .866d* 

d 

*»“T 



•'T 

X 

-i- 

4 d* tan. 300 .gCCd* 

“ 2 cos 800 •"*'’** 

■ 

1 


2d* tan. 22^° — ,82Sd* 

d 

.... 

fufil 

^ — .785 bd 

4 

1 

d 

xi= 2 

4. 1 

td + 21/ (s + n') 

d 

»•“ 2 

H 

1 

' 

± 

m 



td + 2V (s + n') 

b 

B 


i 


1 1 

td 4- V (s + n') 

d 

*t,-2 

•nr 

l 

p 

i. 



m. 

'TTi 


1 

td + (s + n') 

*=P>*»+-^^+-|-(b-t)* 

(b+2t)]4-A 

xi « b — X 
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3.—^Propebties of Vabious Sections— Continued 


Moment of Inertia. 

I 


Radius of Gyration. 

'“V-i 

A rd* (1+2 cos* 80®)-] 

12U 4c(»»8uo J 

— .06d« 


4 /l+ 2 cos*. '«•»«” 

dcosSOO'Y . ’8 

» .261d 

A rd*(X+2eos*S0“.1 

A rd(l + 2coi*a)®n 

^ /l+2coii*S0» 

12 L 4 cos* ^ -1 

•«.06d4 

S L 4cos80P J 
— .1044* 

4 cos a0°\ 8 

>.261d 

A rd»(l+ 2 co»* 22 i‘>n 

A fda +2cos*22J«'n 

. /I +2 COS* 22^0 

I 2 L 4c(M*22p J 

-.a6Sd« 

6 L 4 cos 22^0 J 

— .109d* 

4 cos 2240 \-^ 

-.257d 

^•-/>49W 

^-.098bd. 

i 

d 

4 


21 

-vr 

A [b»(d-h) + u» 

21 

nr 

•1 

1 

i[bd._^(U«_I4)] 

2t 

<r 

-vr 

A[2.b» + U»+-|(b4_t4)] 
— Ak* 

\ 

ir=r; 

1 ■ ' 
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3.—Pbopebtibs or Vabious Sections —Continued 


Sections. 

Area of Seciion. 

A 

Distance from Neutral 
Axis to Extremities 
of Section. 

X and xt 

- 

1,^- 

a 

kl 

bd —h (b — t) 

d 

P«i=- 2 

J' 

ft" ' 

^ 1 ' 

bJ —h (b — t) 

b 

>1=2 


■ 

aH 

bd —h (b —t) 

d 



bd — h (b — l) 

2h2s + bta 
* ”■ 2A 

X] == b X 


H 

td + s (b — t) 

d 

Xi = -2 
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3.—Pbopebtibs or Vabiotts Sectioits —Concluded 


Moment of Jnertie. 

I 

IIH 

Radius of Gyration. 

-vr 

bd3 —h« (b—t) 

bd3—ha (b — t) 

/bd» —h»(b —t) 
\l2Ibd-b(b-t)] 

12 

6d 

2sb3 -f ht3 

2sba -f ht» 

/ 2sba + hi® 

12 

6b 

\12[b<J —h(b —t)] 

bd3 —h3(b—l) 

bd3—h® (b —t) 

1 t>d» — h» (b - t) 

12 

6<1 

\ 12tbd —h (b —t)J 


I 

b —X 

vr 

td3 -f s8 (b — t) 

td« + »'(b—t) 

td» + 8»(b-.t) 

12 

Cd 

\ 12[td + 8(b^t)] 

txj* -f bx* — (b — t) (x — s)3 

I 

^ jltxi»+bx»-.(b-t) (X-I>« 

8 

d-X 

Af 8 (b« H- bt) 

bx» + b,x,»—(b — t) (x—s) ’ 


n>xa + bixi«— (b — t) (x — 8)3 

. 3 

I 

I- 8 (b* + bt + bis) 

(b,-t) {X»-.5)8 

4--X 

{b,-t) (x,-s)nj 

8 


3(bS'^ht4‘bia) -J 


I 

d —X 

vr 
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TABLE 4 

Bendikq Moments and Deflections for Beams of Uniform Section 


\V Total Load, in uniformly 
distributed^ including the weight of 
beam. 

W| a Total Superimposed or Live 
Load, in lbs., uniformly distributed. 

\V* sc Total Weight of Beam or 
Dead Load, in lbs., uniformly dis¬ 
tributed. 

P, Pi, Pf, Ps a Loads, in lbs., con¬ 
centrated at any points. 

The ordinates in diagrams give the 
on beam. For superimposed load only, 


Beam Su 
and II 


upporied i 
Uniformly 


at both aada 
r Loaded, 


/T I m1 


M n Total Bending Moment, in inch-lbs. 

Bending Moments,in inch-lbs., 
due to Weights W] and P jrespectively. 

1 » Moment of Intertia. in inches*. 

1 Length of Span, in inches. 

K Modulus of Elasticity, in lbs. per 
square inch » 29 000 000 for steel. 

W- sac Total Safe Load, in lbs., uni¬ 
formly distributed, including weight of 
beam Total Safe Load of Tables, 
bending moments for corresponding points 
, make Wp in formulae equal to zero. 


Safe Superimposed Load, in lbs., uni¬ 
formly distributed, W', W, — Wj, 

Maximum Bending Moment at middle 




Diagram for Total Load 
Draw parabola having M « 



(3) Beam fixed at one end, Unsup¬ 
ported at the other end 
fsJ Uniformly Loaded* 



Diagram Ibr Totol Load:— 
Diaw Fuabola having M » 


Maximum Shear at points of sup- 
W Wi + Wt 

P««“2 —4—* 

Maximum Deflection «» « 

5 (Wi_+ 

384 El 


Safe Superimposed Load, In lbs., con¬ 
centrated, P, s* y 

Maximum Bending Moment at middle 
ofbea«-M-5 + i^. 

Maximum Shear at points of support 
"2 • 

Max. Deflection « + A .M. 


Safe Superimposed Load. In lbs., uni¬ 
formly distributed, W', «=» — Wj. 

Maximum Bending Moment at point of 
Wl (Wi W,) 1 

support « 

Maximum Shear at point of support 

w «- Wl -f Wj. 

M«. Deflection - (W| + W,)l« 
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4.— Bending Moments and Deflections for Beams of Uniform 
Section .— Continued 


y W a Total Load, in lbs., uniformly 
distributed, including the weight of 
beam. 

W« a Total Superimposed or Live 
Loaa, in lbs., uniiornily distributed. 

W. a Total Weight of Beam or 
Dead Load, in lbs., uniformly dis¬ 
tributed. 

P, Pj, Pj, Ps ** Loads, in lbs., con¬ 
centrated at any points. * 

The ordinates in diagrams give the 
on beam. For superimposed load only. 


(4) Beam fixed at one end, and Un- 
aupported at the other, with 
Load Concentrated 
I at the free end* 

Mj 1 





Diagram Ibr Superimposed Load 
Pab 

Draw triangle having Mp » • 

Diagram for Dead Load similar to 
Case (1) 



M s Total Bending Moment, in indi lbs. 

Bending Momenu,in inch-lbs., 
due to Weights W] and P respectively. 

I a Moment of inertia, in inches^. 

1 ss Length of Span, in inches. - 
E .ss Modulus of Elasticity, in lbs. per 
square inch » 29 000 000 for steel. 

W, a Total Safe Load, in lbs., uni¬ 
formly distributed, includiiu weight of 
beam a Total Safe Load of Tables, 
bending moments for corresponding points 
make Wj in formulae equal to sero._ 


Safe Superimposed Load, in lbs., con- 
centtaud.P.=.^i^!l*. 

Maximum Ben^n^ Moment at point of 
support ■■ PI + *“ 2 "* 

Maximum Shear at point of support» 
P + Wp. 


Diagram for Superimposed Load 
Draw triangle having Mp « PI. 
Diagram for Dead LoadmmilartoCaise(8) 


(6) Boam Supported at both ondt 
with Load Conoentrated at 
any point* • 


Maximum Deflection: 




Sate Superimposed Load, in lbs., con- 

Maximum Bending Moment under load 
^ a(2Pb+ W,l —Wta) 


Max. Shear at Sup. near a =» -y- + — 
Pa W^ 

Max. Shear at Sup. near b » -j- -h 
Deflection at distance x left 

“ SH 

X “ Distance, from left 

support, of point of maximum deflection 
for superimposed load. 


01C.! 

V 2al-a* 
3 


Safe Superimposed Load, in lbs., con- 
w I ~ w*i 

centrated, each, P, =» —— -2.. 

oa- 

Maximum Bending Moment at center ^ 
of beam «» Pa -f 

Maximum Shear at points of support ■■ \ 
2P + W, J 

Maximum Deflection at 

^ *• I 
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4.— -Bending Moments and Deflections for Beams op Uniform 
Section.—C oniinwed 

W am Total Load, In lbs., uniformly M » Total Bending Moment, In inch-lbs. 

distributed, including the weight of M,i, Mp » Bending Moments, in inch- 

beam. lbs.,due to Weights Wj and P resMtively. 

W| m Total Superimposed or Live 1 Moment of Inertia*, in Inches*. 

Load, in lbs., uniformly distributed. 1 Length of Span, in inches. 

Wf ma Totu Weight of Beam or £ » Modulus of Elasticity, in lbs., per 

Dead Load, in lbs., uniformly dis* square inch » 29 000 000 for steel, 
tributed. W. » Total Safe Load, in lbs., uni- 

P, P|, Pg, P| as Loads, in lbs., con* formly distributed, including the weight 
centrated at any poinu. of beam » Total Safe Load of Tables. 

The ordinates in diagrams give the bending moments for corresponding points 
on beam. For superimposed load only, make Wf in formulae equal to zero. 


The Maximum Bending Moment occurs 
at the point where the vertical shear 
equals zero and will be at one of the 
loads P, Pi, or Pt depending upon their 
amounts and spacing if is neglected. 

Let R B Reaction at Left Support. 


(7) Bosin Supported at both ends 
with Loads Conoentrsted st 
various Points. 



Bending Moment at P «■ 


Mp 


Ra — 


W, a* 
21 ' 


Bending Moment at P| » 
M„ = Rai- + 


Bending Moment at Pg » Mp^ » Ra^ 

+ Pi (■! — »i) + P (a» — a)] • 


Shear or Reaction at Left Support » 
P,bt + Pibi + Pb . W, 


2 


The total bending moment at any 
point produced by all the weights is 
equal to the sum of the moments at 
that point produced by each of the 
we^hts separately. 

Diagram for Dead Load similar to 
cased) 


Pa as -f Pi ai -f Pa . W, 

-1-+ T- 

Diagram for Superimposed Load:— 
Draw as in Case (5) the Ordinates FC, 
GD and HE representing the bending 
moments due to loads P, Pi and Pa re¬ 
spectively. Produce FC to P, makbg PC 

FC *4- IC -I- JC i GD to Q, making 
QD»GD-f-KD + LD; and HEtoR, 
making RE ■■ HE + ME + NE. Join 
the points A, P, Q, R and B, then the 
ordiMtes between A B and polygon A P 
Q R B will represent the bending moments 
for conrespon^g points on beam. 
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4. —^Bending Moments and Deflections for Beams op Uniform 
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Mechanical Efficiency.—The efficiency of a machine is a 
fraction expressing the ratio of the useful work to the whole work 
performed which is equal to the energy expended. 

. useful output 

Efficiency of a machme =-:- - - 

mput 

Efficiency in machines is always expressed by a percent. 
Thus, if 100 units of work are put into a machine and only 95 units 
are gotten out, the efficiency of the machine is or 95%. 

Friction is the chief cause of the loss of efficiency in most 
machines. 

The preceding pages contain tables which give moments of 
inertia and other properties of different cross sections (of such 
outlines) frequently met with in structural steel shapes and in 
cast iron designs. 

The Moment of Inertia.—^The moment of inertia of any cross- 
section may be defined as the sum of the products obtained by 
multiplying each of the elementary areas of which the section is 
composed by the square of the distance of the center of gravity of 
the elementary area to the neutral axis of the section. The 
moment of inertia varies, in the same body, according to the posi¬ 
tion of the axis. It is the least possible when the axis passes 
through the center of gravity. 

The Section-Modulus or Section-Factor.—^The strength of 
sections to resist strains either as girders or as columns, depends 
not only on the area but also on the form of the section, and the 
property which forms the basis of the constants used in the formulas 
for the strength of girders and columns to express the effect of 
form, is the moment of inertia about its neutral axis. The modulus 
of resistance of any section to transverse bending is its moment of 
inertia divided by the normal distance of the extreme fiber from 
the neutral axis. 

Radius of Gyration.—^The effect of the form of the cross- 
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TABLE 5 

Coefficients of Defiaction of Steel Beaus for Unifobmlt 
Distributed Loads 


Span in 
feet 

Fiber Stress, pounds per 
square inch 

Span in 
feet 

Fiber Stress, pounds per 
square inch 

16,000 

12,500 

16000 

12,500 

1 

0.017 


21 

7.299 

5.703 

2 

0.066 


22 

8.011 

6 259 

3 

0.149 

0.166 

23 

8.756 

6.841 

4 

0.265 

mEm 

24 

9.534 

7.448 

5 

0.414 


25 

10.345 

8.082 

6 

0.596 

0.466 

26 

11.189 

8.741 

7 

0.811 

0.634 

27 

12.066 

9.427 

8 

1.059 

0.828 

28 

12.977 

10.138 

9 

1.341 

1.047 

29 

13.920 

10.875 

10 

1.655 

1.293 

30 

14.897 

11.638 

11 

2.003 

1.565 

31 

15.906 

12.427 

12 

2.383 

1.862 

32 

16.949 

13.241 

13 

2.797 

2.185 

33 

18.025 

14.082 

14 

3.244 

2.534 

34 

19.134 

14.948 

15 

3.724 

2.909 

35 

20.276 

15.841 

16 

4.237 

3.310 

36 

21.451 

16.759 

17 

4.783 

3.737 

37 

22.659 

17.703 

18 

5.363 

4.190 

38 

23.901 

18,672 

19 

5.975 

4.668 

39 

25.175 

19.668 

20 

6.621 

5.172 

40 

26.483 

20.690 


section of a column on its strength is determined by a quantity 
called the radius of gyration, which is the normal distance from 
the neutral axis to the center of gyration. The center of gyra* 
tion is defined as the point where the entire area might be 
concentrated and have the same moment of inertia as the actual 
distributed area. 
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The following notation is used: 

A = the area of section in square inches; 

d =a the depth of cross-section in inches; 

I = the moment of inertia in inches; 

r = the radius of gyration in inches; 

S == the section modulus in inches; 

Xiz = the distance of the center of gravity of section from extreme 
fiber in inches. 

Deflection of Steel Beams.—^To find the deflection in inches 
of a section symmetrical about the neutral axis, such as the section 
of an I beam, channel, zee, etc., divide the coefficient in the table 
corresponding to the given span and fiber-stress by the depth of 
the section in inches. 

Illustration: Find the deflection in a 10-inch 25-pound 
beam of a 10-foot span, under its maximum distributed load of 
13 tons, the fiber-stress being taken at 12,500 pounds per square 
inch. 

The table of coefiicients, page 229, gives the deflection of a 
10 -foot span as 1.293 for a fiber stress of 12,500. Therefore, 
1.293 10 = 0.1293 the deflection at the middle. 

The preceding pages give tables of the moments of inertia 
and other properties of different cross-section of such outlines 
as are most frequently met with in structural steel shapes, 
together with the formulas used to determine bending moments 
and deflections for steel beams. From these the total safe load 
may be determined and the proper size beam may be selected 
from tables prepared by steel companies which have been pub¬ 
lished in handbook form. Standard handbooks for architects 
and structural engineers also contain tables of safe loads for steel 
beams and girders. 



VII 


WEIGHTS AND MEASURES 

Weight is the attraction between a body and the earth and is 
proportional to the mass of the body. Mass and weight are 
expressed in the same units but they are not the same thing. 

A measure is a standard unit, established by law, by which a 
quantity is determined. The unit of measure for lengths in the 
United States and Great Britain is the yard, although the foot rule 
is the unit or measure of length most commonlj" used. From the 
yard are derived the units of surface and of volume. 

In the United States and Great Britain measures of length and 
weight are, for the same denomination, essentially equal; but 
liquid and dry measures for same denomination differ widely. 

The troy pound at the U. S. Mint of Philadelphia is the legal 
standard of weight in the United States. 

It contains 5760 grains and is exactly the same as the Imperial 
troy pound of Great Britain. 

The avoirdupois pound (commercial) of the United States 
contains 7000 grains, and agrees with the British avoirdupois 
pound within 0.001 of a grain. 

The metric system was legalized by the United States in 1866 
but its use is not obligatory. 

The meter is the unit of the metric system of lengths and was 
supposed to be one ten millionth, lo.ooVooo y portion of a 

meridian between either pole and the equator. 

The metric measures of surface and volume are the squares 
and cubes of the meter, and of its decimal fractions and multiples. 

The metric unit of weight is the gram or grain, which is the 
weight of a cubic centimeter of pure water at a temperature of 
40® F. 
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The legal equivalent of the meter as established by Act of 
Congress is 39.37 inches = 3.28083 feet = 1.093611 yards. 


Long Measure—^Meastures of Length 

12 inches (in.) = 1 foot (ft.) 

3 feet = 1 yard (yd.) 

1760 yards, or 5280 feet = 1 mile (mi.) 

Additional measures of length occasionally used are: 

1000 mils = 1 inch; 3 inches = 1 palm; 4 inches = 1 hand 
9 inches = 1 span; 2^ feet = 1 military space 
6 ^ yards or 16| feet = 1 rod; 2 yards = 1 fathom; 
a cable length = 120 fathoms = 720 feet; 

1 inch = 0.0001157 cable length = 0.013889 fathom = 
0.111111 span. 


Old Land or Surveyors’ Measure* 

7.92 inches = 1 link (1.) 

100 links, or 66 feet, or 4 rods = 1 chain (ch.) 
10 chains or 220 yards = 1 furlong 
8 furlongs or 80 chains = 1 mile (mi.) 


Nautical Measure 

6080.26 feet or 1.15156 statute miles = 1 nautical mile or knot t 
3 nautical miles = 1 league 

60 nautical miles, or 69.169 statute miles = 1 degree at the 
equator 

360 degrees = circumference of the earth at the equator 
* Sometimes called Gunter’s Chain. 

t The value varies according to different measures of the earth’s diameter; 
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Square Measure—Measures of Surface* 


144 square inches (sq. in.) 
9 square feet 

30J square yards 
or 

272J square feet 

160 square rods 
or 

43,560 square feet 
640 acres 


= 1 square foot (sq. ft.) 
= 1 square yard (sq. yd.) 

= 1 square rod (sq. rd.) 

= 1 acre (A.) 

== 1 square mile (sq. mi.) 


Surveyors* Measure 

16 square rods = 1 square chain (sq. ch.) 
10 square chains = 1 acre (A.) 

640 acres = 1 square mile (sq. mi.) 

1 square mile = 1 section (sec.) 

36 sections = 1 township (tp.) 


Measures used for Diameters and Areas of Electric Wires 

Circular inch: a circular inch is the area of a circle 1 inch in 
diameter. 

1 circular inch = 0.7854 square inch 

1 square inch == 1.2732 circular inches 

1 circular inch = 1,000,000 circular mils 

Circular mil: a circular mil is the area of a circle one mil, or 
0.001 inch in diameter. 

* Square measures are used in computing area or surfaces, as land, lumber, 
painting etc. 
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Solid or Cubic Measure—Measures of Volume* 

1728 cubic inches (cu. in.) = 1 cubic foot (cu. ft.) 

27 cubic feet = 1 cubic yard (cu. yd.) 

The following measures are also used for wood and masonry. 

1 cord of wood = a pile, 4X4X8 feet = 128 cubic feet 
1 perch of masonry = 16^ X H X 1 foot = 24f cubic feet 

Shipping Measure 

Register Ton—For register tonnage or for measuring entire in¬ 
ternal capacity of a ship or vessel: 

100 cubic feet = 1 register ton 

Shipping Ton—For the measurement of cargo. 

40 cubic feet = 1 United States shipping ton = 32.143 U. S. 
bushels 

42 cubic feet = 1 British shipping ton = 32.719 imperial bushels. 

Carpenter^s Rule—To find the weight a vessel will carry 
multiply the length of keel by the breadth at main beam by the 
depth of the hold in feet and divide by 95 (the cubic feet allowed 
for a ton). The result will be the tonnage. 

Dry Measure—^United Statesf 

2 pints (pt.) = 1 quart (qt.) 

8 quarts = 1 peck (pk.) 

4 pecks = 1 bushel (bu.) 

* This table is used in measuring bodies having three dimensions; length, 
breadth, and height or depth. 

fThis measure is used in measuring grain, fruit and other articles not 
liquid. The standard U. S. bushel is the Winchester bushel, which is, in 
cylinder form 18i inches in diameter and 8 inches deep and contains 2150.42 
cubic inches. A struck bushel contains 2150.42 cubic inches = 1.2445 cubic 
feet; 1 cubic foot = 0.80356 struck bushel. 

The British Imperial bushel = 8 imperial gallons or 2218.192 cubic inches 

1-2837 cubic feet. The British quarter = 8 imperial bushels. 
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4 gills (gi.) 
2 pints 

4 quarts 

1 cubic foot 


Liquid Measure* 


1 pint (pt.) 

1 quart (qt.) 


1 11 t 1 s |U. S. 231 cubic inches 

ga on (ga .) 277.274 cubic inches 

7.48 U. S. gallons 


Old Liquid Measure 

31i gallons 
42 gallons 

2 barrels or 63 gallons 
84 gallons or 2 tierces 
2 hogsheads or 4 barrels or 126 gallons 
2 pipes or 3 puncheons 


1 barrel (bbl.) 

1 tierce 

1 hogshead (hhd.) 
1 puncheon 
1 pipe or butt 
1 tun 


Apothecaries’ Fluid Measture 

60 minims = 1 fluid drachm 
8 drachms = 1 fluid ounce 

1 U. S. fluid ounce = 8 drachms = 1.805 cubic inch = 
U. S. gallon. 

The fluid ounce in Great Britain is 1.732 cubic inches. 


Measures op Weight 

Avoirdupois or Commercial Weightf 

16 drachms or 437.5 grains = 1 ounce (oz.) 

16 ounces or 7000 grains == 1 pound (lb.) 

2000 pounds = 1 net or short ton 

2240 pounds = 1 gross or long ton 

2204.6 pounds = 1 metric ton 

* This measure is used in measuring liquids, as water, milk, etc. 
t This table is used for selling nearly all articles estimated by weight, 
except gold, silver and jewels, for which the troy weight table, that follows, 
is used. 
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Measures of weight occasionally used in collecting duties on 
foreign goods at U. S. custom houses and also in freighting coal 
and selling it. 

1 hundredweight = 4 quarters =112 poun<ls (1 gross or long 
ton = 20 hundredweight); 1 quarter = 28 pounds; 1 stone = 14 
pounds; 1 quintal = 100 pounds. 

Troy Weight 

24 grains = 1 pennyweight (pwt.) 

20 pennyweights = 1 ounce (oz.) 

12 ounces or 5760 grains = 1 pound (lb.) 

A carat of the jewelers, for precious stones = 3.2 grains in the 
United States. The International carat = 3.168 grains or 200 
milligrams. In avoirdupois, apothecaries’ and troy weights, the 
grain is the same, 1 pound troy being equal to 0.82286 pound 
avoirdupois. 

Apothecaries* Weight* 

20 grains (gr.) = 1 scruple (9) 

3 scruples = 1 drachm (5) 

8 drachms = 1 ounce (5) 

12 ounces = 1 pound troy (lb.) 

Measures of Value 

United. States Standard 

10 mills (m.) = 1 cent (ct.) 

10 cents = 1 dime (d.) 

10 dimes = 1 dollar ($) 

10 dollars = 1 eagle (E.) 

* This table is used in compounding medicines and putting up medical 
prescriptions. 
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Sterling or English Money 

4 farthings = 1 penny (d.) 

12 pence = 1 shilling (s.) 

20 shillings = 1 pound or sovereign (£) 

A guinea = 21 shillings; a crown = 6 shillings; a florin = 2 
shillings. 

French Money 

10 centimes = 1 decime 
10 decimes = 1 franc 

The value of the currencies of foreign nations in relation to the 
United States dollar changes from day to day. The following 
table gives the present day value of foreign exchange in dollar 
terms. 

Foreign Exchange in Dollar Terms 

European Currencies 

The following currencies are quoted in dollars and cents: 

Great Britain ($8.2397 a sov.). 4.934 

Australia ($8.2397 a sov.). 3.94? 

New Zealand ($8.2397 a sov.). 3.971 

South Africa ($8.2397 a sov.). 4.92^ 

The following currencies are quoted in cents and decimals of 
a cent: 

Belgium (23.542 c. a belga). 16.84^ 

Denmark (45.374 c. a krone). 22.03 

France (6.6335 c. a franc). 6.58f 

Germany (40.33 c. a mark). 40.21* 

Holland (68.056 c. a florin). 67.87 

Italy (8.911 c. a lira). 8.07 

Norway (45.374 c. a krone). 24.79 

Spain (32.67 c. a peseta). 13.66 

Sweden (45.374 c. a krona). 25.44 

Switzerland (32.67 c. a franc). 32.48 

U. S. S. R. (87.125 c. a gold ruble).. 86.68 

* OfiBcial Rate. 
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Far Eastern Currencies 

China—Cents a silver dollar for Hongkong and Shanghai 

Shanghai dollars (unsettled)... 29.50 

Hongkong dollars (unsettled)... 32.25 

India (61.798 c. a rupee). 37.28 

Japan (84.39 c. a yen). 28.80 

Straits Stlmts. (96.139 c. a dollar). 57.80 

American Curriencieb 

Argentina (71.87 c. a paper peso). 27.12t 

Brazil (20.25 c. a paper milreis). 5.55t 

Chile (20.599 c. a gold peso). 5.19f 

Colombia ($1,645 a gold peso). 52.00 

Mexico C. (84.398 c. a silver peso). 27.85^ 

Peru (47.409 c. a sol). 24.76t 

Uruguay ($1,751 a gold peso). 46.00 

The following currency is quoted on a ratio basis to the dollar; 
Ecuador (5 sucres a dollar). 6.00 

t Free Inland Rate, 
t Nominal. 

Meastires of Time 

60 seconds (sec.) = 1 minute (min.) 

60 minutes = 1 hour (hr.) 

24 hours = 1 day (dy.) 

7 days == 1 week (wk.) 

365 days = 1 solar year (yr.) 

(one revolution of the earth 
around the sun) 

366 days = 1 leap-year (every four years) 

100 years = 1 century 
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By the Gregorian calendar every year whose number is 
divisible by 4 is a leap year except that the centesimal years 
are leap-years only when the number of the year is divisible 
by 400. 

A solar day is measured by the rotation of the earth upon its 
axis, with respect to the sun. 

In astronomical calculations and in nautical time the day com¬ 
mences at noon, and in the former it is counted throughout the 
24 hours. 

In civil calculations the day commences at midnight, and is 
divided into two parts of 12 hours each. A mean lunar month, 
or lunation of the moon, is 29 days, 12 hours, 44 minutes, 
2 seconds, and 5.24 thirds. It is equal, on the average, to 
29.53 days. 

In one hour a point on the earth^s surface describes ^ of 
360° = 15°, in one minute -gV of 15° = 15', and in one second 

of 15' = 15". 


Circular and Angular Measures* 

60 seconds ( " ) = 1 minute (') 

60 minutes = 1 degree ( ° ) 

90 degrees = 1 quadrant 

360 degrees = 1 circumference 

A second is usually sub-divided into tenths and hundredths. 
A minute of the circumference of the earth is a geographical 
mile. 

* This table is used for measuring angles and arcs, and for determining 
latitude and longitude. 
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Water Cooversion Factors 


U. S. gallons 

X 

8.33 

= pounds 

U. S. gallons 

X 

0.13368 

= cubic feet 

U. S. gallons 

X 231 

= cubic inches 

U. S. gallons 

X 

0.83 

= English gallons 

U. S. gallons 

X 

3.78 

= liters 

English gallons (Imperial) 

X 

10 

= pounds 

English gallons (Imperial) 

X 

0.16 

= cubic feet 

English gallons (Imperial) 

X 

277.274 

= cubic inches 

English gallons (Imperial) 

X 

1.2 

= U. S. gallons 

EngUsh gallons (Imperial) 

X 

4.537 

= liters 

Cubic inches of water (39.1°) X 

0.036024 

= pounds 

Cubic inches of water (39.1°) X 

0.004329 

= U. S. gallons 

Cubic inches of water (39.1°) X 

0.003607 

= English gallons 

Cubic inches of water (39.1°) X 

0.576384 

= ounces 

Cubic feet (of water) (39.1°) X 

62.425 

= pounds 

Cubic feet (of water) (39.1°) X 

7.48 

= U. S. gallons 

Cubic feet (of water) (39.1°) X 

6.232 

— English gallons 

Cubic feet (of water) (39.1°) X 

0.028 

= tons 

Pounds of water 

X 

27.72 

= cubic inches 

Pounds of water 

X 

0.01602 

= cubic feet 

Pounds of water 

X 

0.12 

= U. S. gallons 

Pounds of water 

X 

0.10 

= English gallons 


Miscellaneous Tables 
Numbers 

12 units — 1 dozen 
12 dozen = 1 gross 
12 gross = 1 great gross 
20 units = 1 score 
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Paper 

24 sheets = 1 quire 
20 quires = 1 ream 
2 reams = 1 bundle, 

5 bundles = 1 bale 

Books 

A book of sheets folded in: 

2 leaves is a folio 
4 leaves is a quarto 
8 leaves is an octavo 
12 leaves is a duodecimo 
16 leaves is a 16mo. 

The Metric System 

The metric system is a system of weights and measures based 
upon a unit called a meter and expressed in the decimal scale. 
The meter was intended to be one ten millionth of the distance 
from the equator to either pole, but more careful measurements 
show that this distance is 10,001,887 meters. The value of the 
meter, as authorized by the United States Government, is 39.37 
inches. 

The names of derived metric denominations are formed by 
prefixing to the name of the primary unit of measure: 


Milli, a thousandth = 
Centi, a hundredth = tot 
D eci, a tenth = yV 

Deca, ten = 10 

Hecto, one hundred = 100 
Kilo, one thousand = 1000 


Myria, ten thousand = 10,000 
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The principal units of the metric system are: 

The meter for lengths 
The square meter for surfaces . 
The cubic meter for large volumes 
The liter for small volumes 
The gram for weights 


Measures of Length 


10 millimeters (mm.) 
10 centimeters 
10 decimeters 
10 meters 
10 decameters 
10 hectometers 
10 kilometers 


= 1 centimeter (cm.) 
= 1 decimeter (dm.) 

= 1 meter (m.) 

= 1 decameter (Dm.) 
= 1 hectometer (Hm.) 
= 1 kilometer (Km.) 

= 1 myriameter 


A meter is used in ordinary measurements; the centimeter 
or millimeter in calculating very small distances; and the kilo¬ 
meter for long distances. 


Square Measures—Measures of Surface 

100 square millimeters (mm.^) = 1 square centimeter (cm.2) 
100 square centimeters = 1 square decimeter (dm.^) 

100 square decimeters == 1 square meter (m.^) 

100 centiares, or square meters = 1 are (a.) 

100 ares = 1 hectare (ha.) 

The square meter is used for ordinary surfaces; the are, a 
square, each of whose sides is 10 meters, is the unit of land 
measure. 

Cubic Measure—Measures of Volume 

1000 cubic millimeters (mm.^) = 1 cubic centimeter (cm.^) 
1000 cubic centimeters = 1 cubic decimeter (dm.^) 

1000 cubic decimeters = 1 cubic meter (m.^) 
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The term stere is used to designate the cubic meter in measuring 
wood and timber. A tenth of a stere is a decistere, and ten steres 
are a decastere. 


Liquid and Dry Measures—Meastures of Capacity 


10 milliliters (ml.) 
10 centiliters 
10 deciliters 
10 liters 
10 decaliters 
10 hectoliters 


= 1 centiliter (cl.) 
= 1 deciliter (dl.) 

= 1 liter (1.) 

= 1 decaliter (Dl.) 
~ 1 hectoliter (HI.) 
= 1 kiloliter (Kl.) 


The liter, which is a cube each of whose edges is ^ of a meter 
in length, is the principal unit of measures of capacity. The 
hectoliter is the unit that is used in measuring large quantities of 
grain, fruits, roots, and liquids. 


Measures of Weight 


10 milligrams (mg.) 
10 centigrams 
10 decigrams 
10 grams 
10 decagrams 
10 hectograms 
1000 kilograms 


= 1 centigram (eg.) 

== 1 decigram (dg.) 

= 1 gram (g.) 

= 1 decagram (Dg.) 
= 1 hectogram (Hg.) 
= 1 kilogram (Kg.) 

= 1 (metric) ton (T.) 


The gram, which is the primary unit of weights, is the weight of 
one cubic centimeter of pure distilled water at a temperature of 
39.2° F., the kilogram is the weight of 1 liter of water; the ton is 
the weight of 1 cubic meter of water. The gram is used in weighing 
gold, jewels, and small quantities of things. The kilogram, 
commonly called kilo for brevity, is used by grocers; the ton is 
used for weighing heavy articles. 
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Heat and Power Equivalents 


1 Horsepower = 


746 watts 
0.746 kilowatt 

33,000 foot pounds per minute 
550 foot pounds per second 
2546.5 heat units per hour 
42.4 heat units per minute 
0.707 heat unit per second 
0.175 pound carbon oxydized per hour 
2.64 pounds of water evaporated per 
hour from and at 212® F. 


1 Heat unit 
(British thermal 
unit) = 


Heat unit per 
square foot per 
minute = 


778 foot pounds 
1,055 watt second 
0.000293 kilowatt hour 
0.000393 horsepower hour 
0.001036 pound water evaporated from or 
at 212® F. 

107.6 kilogram meters 

0.122 watt per square inch 
0.0176 kilowatt per square foot 
0.0236 horsepower per square foot 


1 Horsepower-hour = 


0.746 kilowatt hour 
1,980,000 foot pounds 
2546.5 heat units 

2.64 pounds water evaporated from 
and at 212® F. 

17.0 pounds water raised from 62® F. 
to 212® F. 


1 Pound of water 
evaporated from 
and at 212® F = 


0.283 kilowatt hour 
0.379 horsepower hour 
965.2 heat units 
1,019,000 joules 
751,300 foot pounds 
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Measures of Pressure 


1 Pound per square 
inch = 


144 pounds per square foot 
0.068 atmosphere 
2.042 inches of mercury at 62® F. 
27.7 inches of water at 62® F. 
2.31 feet of water at 62® F. 


1 Atmosphere = 


30 inches of mercury at 62® F. 
14.7 pounds per square inch 
2116.3 pounds per square foot 
33.95 feet of water at 62® F. 


1 Foot of water at 
62® F. = 


62.355 pounds per square foot 
0.433 pound per square inch 


1 Inch of mercury 
at 62® F. 


1.132 foot of water 
13.58 inches of water 
0.491 pound per square inch 


Metric and English Conversion Table 


Measures of Length 


1 millimeter 

= 

0.03937 inch 

1 centimeter 

= 

0.3937 inch 



39.37 inches 

1 meter 


3.2808 feet 

1.0936 yards 

1 kilometer 

= 

0.6214 mile 

1 inch 

_j 

25.4 millimeters 

"1 

2.54 centimeters 

1 foot 

-1 

' 304.8 millimeters 
0.3048 meter 

1 yard 

sss 

0.9144 meter 

1 mile 

= 

1.609 kilometer 
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Sqtiare Measure—^Measures of Surface 


1 square millimeter = 

1 square centimeter = 

1 square meter = 

1 are = 

1 hectare = 

1 square kilometer = 

1 square inch = 

1 square foot = 

1 square yard = 

1 acre = 

1 square mile = 


0.00155 square inch 
0.155 square inch 

110.764 square feet 
[ 1.196 square yard 

I 0.0247 acre 
I 1076.4 square feet 

2.471 acres 
107,640 square feet 

I 0.3861 square mile 
I 247.1 acres 

I 6.452 square centimeters 
[ 645.2 square millimeters 

f 0.0929 square meter 
[ 9.290 square centimeters 

0.836 square meter 

I 0.4047 hectare 
[ 40.47 ares 

2.5899 square kilometers 


1 cubic centimeter 
1 cubic decimeter 

1 cubic meter 


0.061 cubic inch 

61.023 cubic inches 
0.0353 cubic foot 

35.314 cubic feet 
1.308 cubic yards 
264.2 U. S. gallons 


Cubic Measure—Measures of Volume and Capacity 


H 
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1 cubic decimeter 
61.023 cubic inches 
_ 0.0353 cubic foot 

^ 1.0567 U. S. quarts 

0.2642 U. S. gallons 
2.202 lbs. of water at 62® F. 

1 cubic inch = 16.383 cubic centimeters 

0.02832‘ cubic meter 

1 cubic foot = 28.317 cubic decimeters 

28.317 liters 

1 cubic yard = 0.7645 cubic meter 

1 gallon U. S. = 3.785 liters 

1 gallon British = 4.543 liters 

Measures of Weight 

0.03216 ounce troy 
0.03527 ounce avoirdupois 
15.432 grains 

f 2.2046 pounds avoirdupois 
[ 35.274 ounces avoirdupois 

0.9842 ton of 2,240 pounds 
19.68 hundredweight 
2204.6 pounds 

. 1.1023 tons of 2,000 pounds 


1 grain 
1 ounce troy 
1 ounce avoirdupois 

1 pound 

1 ton of 2240 pounds 


= 0.0648 gram 

= 31.103 grams 

= 28.35 grams 

__ j 0.4536 kilogram 
I 453.6 grams 

_ 1.016 metric tons 

~ 1 1016 kilograms 


1 gram 
1 kilogram 


1 metric ton 



248 HANDBOOK OF APPLIED MATHEMATICS 


TABLE 1 

Inches and Equivalents in Millimeters 


Inches 

MM 

Inches 

MM 

Inches 

MM 

1/64 

.397 

45/64 

17.859 

26* 

660.4 

1/32 

.794 

23/32 

18.256 

27 

685.8 

3/64 

1.191 

47/64 

18.653 

28 

711.2 

1/16 

1.588 

3/4 

19.050 

29 

637.6 

6/64 

1.984 

49/64 

19.447 

30 

762.0 

3/32 

2.381 

25/32 

19.844 

31 

787.4 

7/64 

2.778 

51/64 

20.241 

32 

812.8 

1/8 

3.175 

13/16 

20.638 

33 

838.2 

9/64 

3.572 

53/64 

21.034 

34 

863.6 

6/32 

3.969 

27/32 

21.431 

35 

889.0 

11/64 

4.366 

55/64 

21.828 

36 

914.4 

3/16 

4.763 

7/8 

22.225 

37 

939.8 

13/64 

5.159 

57/64 

22.622 

38 

965.2 

7/32 

5.556 

29/32 

23.019 

39 

990.6 

15/64 

5.953 

59/64 

23.416 

40 

1016.0 

1/4 

6.350 

15/16 

23.813 

41 

1041.4 

17/64 

6.747 

61/64 

24.209 

42 

1066.8 

9/32 

7.144 

31/32 

24.606 

43 

1092.2 

19/64 

7.540 

63/64 

25.003 

44 

1117.6 

6/16 

7.938 

1 

25.400 

45 

1143.0 

21/64 

8.334 

2 

50.8 

46 

1168.4 

11/32 

8.731 

3 

76.2 

47 

1193.8 

23/64 

9.128 

4 

101.6 

48 

1219.2 

3/8 

9.525 

5 

127.0 

49 

1244.6 

25/64 

9.922 

6 

152.4 

50 

1270.0 

13/32 

10.319 

7 

177.8 I 

51 

1295.4 

27/64 

10.716 

8 

203.2 

52 

1320.8 

7/16 

11.113 

9 

228.6 

53 

1346.2 

29/64 

11.509 

10 

254.0 

54 

1371.6 

15/32 

11.906 

11 

279.4 

55 

1397.0 

31/64 

12.303 

12 

304.8 

56 

1422.4 

1/2 

12.700 

13 

330.2 

57 

1447.8 

33/64 

13.097 

14 

355.6 

58 

1473.2 

17/32 

13.494 

15 

381.0 

59 

1498.6 

35/64 

13.891 

16 

406.4 

60 

1524.0 

9/16 

14.288 

17 

431.8 

61 

1549.4 

37/64 

14.684 

18 

457.2 

62 

1574.8 

19/32 

15.081 

19 

482.6 

63 

1600:2 

39/64 

15.478 

20 

508.0 

64 

1625.6 

6/8 

15.875 

21 

533.4 

65 

1651.0 

41/64 

16.272 

22 

558.8 

66 

1676.4 

21/32 

16.669 

23 

584.2 

67 

1701.8 

43/64 

17.066 

24 

609.6 

68 

1727.2 

11/16 

17.463 

25 

635.0 

69 

1752.6 
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1.—Inchks and Equivalents in Millimbtbbs— Continued 


Inches 

MM 

Inches 

MM 

Inches 

MM 

70 

1778.0 

114 

2895.6 

158 

4013.2 

71 

1803.4 

115 

2921.0 

159 

4038.6 

72 

1828.8 

116 

2946.4 

160 

4064.0 

73 

1854.2 

117 

2971.8 . 

161 

4089.4 

74 

1879.6 

118c 

2997.2 

162 

4114.8 

76 

1905.0 

• 119 

3022.6 

163 

4140.2 

76 

1930.4 

120 

3048.0 

164 

4165.6 

77 

1955.8 

121 

3073.4 

165 

4191.0 

78 

1981.2 

122 

3098.8 

166 

4216.4 

79 

2006.6 

123 

•3124.2 

167 

4241.8 

80 

2032.0 

124 

3149.0 

168 

4267.2 

81 

2057.4 

125 

3175.0 

169 

4292.6 

82 

2082.8 

126 

3200.4 

170 

4318.0 

83 

2108.2 

127 

3225.8 

171 

4343.4 

84 

2133.6 

.128 

3251.2 

172 

4368.8 

85 

2159.0 

129 

3276.6 

173 

4394.2 

86 

2184.4 

130 

3302.0 

174 

4419.6 

87 

2209.8 

131 

3327.4 

175 

4445.0 

88, 

2235.2 

132 

3352.8 

176 

4470.4 

89 . 

2260.6 

133 

3378.2 

177 

4495.8 

90 

2286.0 

134 

3403.6 

178 

4521.2 

91 

2311.4 

135 

3429.0 

179 

4546.6 

92 

2336.8 

136 

.3454.4 

180 

i 4572.0 

93 

2362.2 

137 

3479.8 

181 

4597.4 

94 

2387.6 

138 

3505.2 

182 

4622.8 

95 

2413.0 

139 

3530.6 

183 

4648.2 

96 

2438.4 

140 

3556.0 

184 

4673.6 

97 

2463.8 

141 

3581,4 

185 

4699.0 

98 

2489.2 

142 

3606.8 

186 

4724.4 

99 

2514.6 

143 

3632.2 

.187 

4749.8 

100 

2540.0 

144 

3657.6 

188 

4775.2 

101 

2565.4 

145 

3683.0 

189 

4800.6 

102 

2590.8 

146 

3708.4 

190 

4826.0 

103 

2616.2 

147 

3733.8 

191 

4851.4 

104 

2641.6 

148 

3759.2 

192 

4876.8 

105 

2667.0 

149 

3784.6 

193 

4902.2 

106 

2692.4 

150 

3810.0 

194 

4927.6 

107 

2717.8 

151 

3835.4 

195 

4953.0 

108 

2743.2 

152 

3860.8 

196 

4978.4 

109 

2768.6 

153 

3886.2 

197 

5003.8 

110 

2794.0 

154 

3911.6 

198 

5029.2 

111 

2819.4 

155 

3937.0 

199 

5054.6 

112 

2844.8 

156 

3962.4 

200 

5080.0 

113 

2870.2 

157 

3987.8 
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TABLE 2 

Millimeters and Equivalents in Inches 


MM 

Inches 

MM 

Inches 

MM 

Inches 

1/100 

.0004 

45/100 

.0177 

89/100 

.0350 

2/100 

.0008 

46/100 

.0181 

90/100 

.0354 

3/100 

.0012 

47/100 

.0185 

91/100 

.0358 

4/100 

.0016 

48/100 

.0189 

92/100 

.0362 

6/100 

.0020 

49/100 

.0193 

93/100 

.0366 

6/100 

.0024 

50/100 

.0197 

94/100 

.0370 

7/100 

.0028 

51/100 

.0201 

95/100 

.0374 

8/100 

.0031 

62/100 

.0205 

96/100 

.0378 

. 9/100 

.0035 

53/100 

.0209 

97/100 

.0382 

10/100 

.0039 

54/100 

.0213 

98/100 

.0386 

11/100 

.0043 

55/100 

.0217 

99/100 

.0390 

12/100 

.0047 

56/100 

.0221 

1 

.0394 

13/100 

.0051 

57/100 

.0224 

2 

.0787 

14/100 

.0055 

58/100 

.0228 

3 

.1181 

15/100 

.0059 

59/100 

.0232 

4 

.1575 

16/100 

.0063 

60/100 

.0236 

5 

.1969 

17/100 

.0067 

61/100 

.0240 

6 

.2362 

18/100 

.0071 

62/100 

.0244 

7 

.2756 

19/100 

.0075 

63/100 

.0248 

8 

.3150 

20/100 

.0079 

64/100 

.0252 

9 

.3543 

21/100 

.0083 

65/100 

.0256 

10 

.3937 

22/100 

.0087 

66/100 

.0260 

11 

.4331 

23/100 

.0091 

67/100 

.0264 

12 

.4724 

24/100 

.0094 

68/100 

.0268 

13 

.5118 

25/100 

.0098 

69/100 

.0272 

14 

.5512 

26/100 

.0102 

70/100 

.0276 

15 

.5906 

27/100 

.0106 

71/100 

.0280 

16 

.6299 

28/100 

.0110 

72/100 

.0284 

17 

.6693 

29/100 

.0114 

73/100 

.0287 

18 

.7087 

30/100 

.0118 

74/100 

.0291 

19 

.7480 

31/100 

.0122 

75/100 

.0295 

20 

.7874 

32/100 

.0126 

76/100 

.0299 

21 

.8268 

33/100 

,0130 

77/100 

.0303 

22 

.8661 

34/100 

.0134 

78/100 

.0307 

23 

.9055 

35/100 

.0138 

79/100 

.0311 

24 

.9449 

36/100 

.0142 

80/100 

.0315 

25 

.9843 

37/100 

.0146 

81/100 

.0319 

26 

1,0236 

38/100 

.0150 

82/100 

.0323 

27 

1.0630 

39/100 

.0154 

83/100 

.0327 

28 

1.1024 

40/100 

.0158 

84/100 

.0331 

29 

1.1417 

41/100 

.0161 

85/100 

.0335 

30 

1.1811 

42/100 

.0165 

86/100 

.0339 

31 

1.2205 

43/100 

.0169 

87/100 

.0343 

32 

1.2598 

44/100 

.0173 

88/100 

.0347 

33 

1.2992 
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2.—Millimbtbrs and Equivalents in Inches— ConUnved 


MM 

Inches 

MM 

Inches 

MM 

Inches 

34 

1.3386 

78 

3.0709 

122 

4.8031 

35 

1.3780 

79 

3.1102 

123 

4.8425 

36 

1.4173 

80 

3.1496 

3.1890* 

124 

4.8819 

37 

1.4567 

81 

125 

4.9213 

38 

1.4961 

82 

3.2283 

126 

4.9606 

39 

1.5354 

83 

3.2677 

127 

5.0000 ■ 

40 

1.5748 

84 

3.3071 

128 

5.0394 

41 

1.6142 

85 

3.3465 

129 

5.0787 

42 

1.6535 

86 

3.3858 

130 

5.1181 

43 

1.6929 

87 

3.4252 

131 

5.1575 

44 

1.7323 

88 

3.4646 

132 

5.1968 

45 

1.7717 

89 

3.5039 

133 

5.2362 

46 

1.8110 

90 

3.5433 

134 

5.2756 

47 

1.8504 

91 

3.5827 

135 

5.3150 

48 

1.8898 

92 

3.6220 

136 

5.3543 

49 

1.9291 

93 

3.6014 

137 

5.3937 

50 

1.9685 

94 

3.7008 

138 

5.4331 

51 

2.0079 

95 

3.7402 

139 

5.4724 

52 

2.0472 

96 

3.7795 

140 

5.5118 

53 

2.0866 

97 

3.8189 

141 

5.5512 

54 

2.1260 

98 

3.8583 

142 

5.5905 

55 

2.1654 

99 

3.8976 

143 

5.6299 

56 

2.2047 

100 

3.9370 

144 

5.6693 

57 

2.2441 

101 

1 3.9764 

145 

5.7087 

58 

2.2835 

102 

4.0157 

146 

•5.7480 

59 

2.3228 

103 

4.0551 

147 

5.7874 

60 

2.3622 

104 

4.0945 

148 

5.8268 

61 

2.4016 

105 

4.1339 

149 

5.8661 

62 

2.4409 

106 

4.1732 

150 

5.9055 

63 

2.4803 

107 

4.2126 

151 

5.9449 

64 

2.5197 

108 

4.2520 

152 

5.9842 

65 

2.5591 

10.9 

4.2913 

153 

6.0236 

66 

2.5984 

110 

4.3307 

154 

6.0630 

67 

2.6378 

111 

4.3701 

155 

6.1024 

68- 

2.6772 

112 

4.4094 

156 

6.1417 

69 

2.7165 

113 

4.4488 

157 

6.1811 

70 

! 2.7559 

114 

4.4882 

158 

6.2205 

71 

2.7953 

115 

4.5276 

159 

6.2598 

'72 

2.8346 

116 

4.5669 

160 

6.2992 

73 

2.8740 

117 

4.6063 

161 

6.3386 

74 

2.9134 

118 

4.6457 

162 

6.3779 

75 

2.9528 

119 

4.6850 

163 

6.4173 

76 

2.9921 

120 

4.7244 

164 

6.4567 

77 

3.0315 

121 

4:76.38 

165 

6.4961 
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2.—Milumetebs and Eqditadents in Inches— Concluded 


MM 

Inches 

MM 

Inches 

MM 

Inches 

166 

6.5354 

211 

8.3071 

256 

10.079 

167 

6.5748 

212 

8.3464 

257' 

10.118 

168 

6.6142 

213 

8.3858 

258 

10.157 

169 

6.6535 

214 

8.4252 

259 

10.197 

170 

6.6929 

215 

8.4646 

260 

10.236 

171 

6.7323 

216 

8.5039 

261 

10.276 

172 

6.7716 

217 

8.5433 

262 

10.315 

173 

6.8110 

218 

8.5827 

263 

10.354 

174 

6.8504 

219 

8.6220 

264 

10.394 

175 

6.8898 

220 

8.6614 

265 

10.433 

176 

6.9291 

221 

8.7008 

266 

10.472 

177 

6.9685 

222 

8.7401 

267 

10.512 

178 

7.0079 

223 

8.7795 

268 

10.551 

179 

7.0472 

224 

8.8189 

269 

10.591 

180 

7.0866 

225 

8.8583 

270 

10.630 

181 

7.1260 

226 

8.8976 

271 

10.669 ■ 

182 

7.1653 

227 

8.9370 

272 

10.709 

183 

7,2047 

228 

8.9764 

273 

10.748 

184 

7.2441 

229 

9.0157 

274 

10.787 

185 

7.2835 

230 

9.0551 

275 

10.827 

186 

7.3228 

231 

9.0945 

276 

10.866 ' 

187 

7.3622 

232 

9.1338 

277 

10.905 

188 

7.4016 

233 

9.1732 

278 

10.945 

189 

7.4409 

234 

9.2126 

279 

10.984 

190 

7.4803 

235 

9.2520 

280 

11.024 

191 

1 7.5197 

236 

9.2913 

281 

11.063 

192 

1 7.5590 

237 

9.3307 

282 

11.102 

193 

i 7.5984 

238 

9.3701 

283 

11.142 

194 

1 7.6378 

239 

9.4094 

284 

11.181 

195 

7.6772 

240 

9.4488 

285 

11.220 

196 

7.7165 

241 

9.4882 

286 

11.260 

197 

7.7559 

242 

9.5275 

287 

11.299 

198 

7.7953 

243 

! 9.5669 

288 

11.339 

199 

7.8346 

244 

9.6063 

289 

11.378 

200 

7.8740 

245 

9.6457 

290 

11.417 

201 

7.9134 

246 

9.6850 

291 

11.457 

202 

7.9527 

247 

9.7244 

292 

11.496 

203 

7.9921 

248 

9.7638 

293 

11.535 

204 

8.0315 

249 

9.8031 

294 

11.575 

205 

8.0709 

250 

9.8425 

295 

11.614 

206 ■ 

8.1102 

251^ 

9.8819 

296 

11.654 

207 

8.1496 

252 

9.9212 

297 

11.693 

208 

8.1890 

253 

9.9606 

298 

11.732 

209 

8.2283 

254 

10.000 

299 

11.772 

210 

8.2677 

255 

10.039 
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XJbbtul Factors, Metric Mbasubbs 


Millimeters X 0.03937 
Millimeters -J- 25.4 
Centimeters X 0.3937 
Centimeters -r- 2.54 
Meters X 39.37 
Meters X 3.281 
Meters X 1.094 
Kilometers X 0.621 
Kilometers 1.6093 
Kilometers X 3280.7 
Square millimeters X 0.0155 
Square millimeters -4- 645.1 
Square centimeters X 0.155 
Square centimeters 6.451 
Square meters X 10.764 
Square kilometers X 247.1 
Hectares X 2.471 
Cubic centimeters -f- 16.385 
Cubic centimeters 3.69 

Cubic centimeters 29.57 

Cubic meters X 35.315 
Cubic meters X 1.038 
Cubic meters X 264.2 
Liters X 61.022 
Liters X 33.84 
Liters X 0.2642 


= inches 
== inches 
= inches 
= inches 
= inches 
= feet 
= yards 
= miles 
= miles 
= feet 

= square inches 
= square inches 
= square inches 
== square inches 
= square feet 
= acres 
= acres 
= cubic inches 
= fluid drachms, 

U. S. Pharmacopoeia 
= fluid ounce 

U. S. Pharmacopoeia 
= cubic feet 
= cubic yards 
= gallons, United States 
= cubic inches 
= fluid ounces 
= gallons. United States 
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Liters -r- 3.78 
Liters -f- 28.316 
Hectoliters X 3.531 
Hectoliters X 2.84 
Hectoliters X 0.131 
Hectoliters X 26.42 
Grams X 15.432 
Grams (water) -t- 29.57 
Grams -i- 28.35 
Kilograms X 2.2046 
Kilograms X 35.3 
Kilograms -i- 1102.3 


= gallons, United States 
= cubic feet 
= cubic feet 

== bushels, United States 
= cubic yards 
= gallons. United States 
= grains 
= fluid ounces 
= ounces, avoirdupois 
= pounds 

»= ounces, avoirdupois 
*= toms, 2000 pounds 


Specific Gravity 

The relative heaviness of substances is of much practical 
importance to the industrial world. In the metal industry research 
workers are constantly seeking for relatively light materials that 
possess great strength. 

Weight measures the earth’s pull upon body, and depends upon 
the body's mass. But substances which are equal in volume 
vary in heaviness. Thus, it is evident that the pull of gravity is 
stronger on some substances than on others. As the weight of a 
body is the measure of the pull between all bodies and the earth, or 
gravity, the specific gravity of a substance is found by comparing 
the weight of a certain volume of that substance with the weight of 
an equal volume of another substance taken as a standard. 

The specific gravity of a substance is its weight as compared 
with the weight of an equal bulk of pure water. 

Rule. —To calculate the specific gravity of a substance, find 
the v^eight of the. body in air and divide by the difference of . the 
weight of the body in air and the weight of the body submerged 
in water. 
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Expressed as a formula: 

Specific gravity 


W 


W-w 

where W =» weight of body in air 

w = weight of body submerged in water 

Illustration: Find the specific gravity of a lump of coal that 
weighs 150 grams in air and 60 grams immersed in water. 


Specific gravity = 


W 


W-w 

150 

160 - 60 
150 


90 


1.66 


Specific gravity determinations are usually referred to the 
standard of the weight of water at 62° F., 62.355 pounds per 
cubic feet. The formula becomes: 


Specific gravity = 


weight of solid 


weight of equal volume of water 


Illustration: Find the specific gravity of a cube of steel 
1 foot on a side and weighing 489.6 pounds per cubic foot. 


Specific gravity 


weight of solid 


weight of equal volume of water 
489.6 


= 7.85 


62.355 

The following tables give the specific gravities and weights of 
various substances. 
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TABLE 3 

Specific Gravities and Weights op Variotts Substances 


The Basis for Speoillo Grantiss is Pars Vatar at 62 Degrses FaB^ 
Barometer 30 Inches. 

¥evrht of One Cnbio Foot. 62.355 Pounds. 

ireraga 

SpaciHo Grtritj. 
Water »1. 

Areraga 
Weight of Obo 
C abio Foot. 
Pbonde. 

Air, atmospheric at 60 degrees F., under pres¬ 
sure of one atmosphere, or 14.7 pounds per 
square inch, weighs ^ much a** water 

Aluminum. 

.00138 

8.6 

.0766 

162 

Anthracite, 1.8 to 1.84; of Penna., 1.3 to 1.7. 
** broken, of any size, loose. 

1.5 

98.5 

62 to 56 

** ** moderately shaken.... 

** heaped bushel, loose, 77 

to 83 pounds. 


66toM 

<< ** a ton loose occupies 40 to 

43 cubic feet.. 



Antimony, cast. ... 

6.70 

418 

native.*. 

6.67 

416 

A^h. nerfprllv rlrv 

.762 

.61 

47 

Mto46 

87.8 


Ashes of soft coal, solidly packed.. 

Asphaltum, 1 to 1.8. 

1.4 

Brass (copper and zinc), cast, 7.8 to 8.4. 

rolled .. 

8.1 

8.4 

604 

624 

Brick, best pressed ...... 

160 

** common and hard. .. 


126 

soft inferior. 


100 

Brickwork, pressed hrick, fine joints....... 


140 

** medium quality.... 


126 

coarse, inferior, soft.. 


100 

** at 125 pounds per cubic foot, 1 

cubic yard equals 1.607 tons, and 
17*92 cubic feet equal 1 ton..., 


Bronze, copper 8, tin 1 (gun metal) 

&5 

529 

Cement, hydraulic. American, Rosendale, 
ground and loose.............. 

66 

** hydraulic. American, Rosendale, 

U- S stmclc busli.e 70 pounds • • • 


hydraulic. American, Rosendale, 
Louisville hushel. tjounds .... 



** hydraulic. American, Cumberland, 

«rrniinr1 Irtrice • _ __... 


65 

** hydraulic. American, Cumberland, 

flrrrmnd flirirmuTVilv shaken. ___ . 


86 

^ liydraulic. English Portland (U.S. 

struck bushel. 100 to 128) .. 


SltoKtt 
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3.—Specific Gravities and Weights of Various Substances— Continued 









































260 HANDBOOK OF APPLIED MATHEMATICS 


3.—Specific Gravities and Weights op Various Substances— Concluded 


TheUmter SpeeUle6i»TliiMii Pan ¥Atarat88 PegnM FbL, iT«rag«. 

Biromeier 30 Indh^ SpeeiAo Grafi^. 

Waig^t of Ono Cnbio foo<» 62^ Poutdi. Wat«r »> i. 


Oak, live, perfectly dry, .88-L02 (see note 

below). .96 69.8 

Red, Black, perfectly dry. 82 to 46 

Petroleum. ,878 64.8 

Pitch. 1.16 71.7 

Poplar, dry (see note below). .47 29 

Platinum. 21.5 1842 

Quartz... 2.65 165 

Rosin. 1.10 6&6 

Salt, coarse, (per struck bushel, Syracuse, 

N. Y., 56 pounds). 46 

Sand, of pure quartz, perfectly dry and loose . 90 to 106 

** ** ** voids full of water. 118 to 129 

<< " « very large and small 

grains, dry.117 

Sandstone, 2.1 to 2.78,181 to 171. 2.41 161 

** quarried and piled, 1 measure 

solid makes 1^ (about) piled. 86 

Snow, fresh fallen. 6 to 12 

** moistened, compacted by rain. 16 to 60 

Sycamore, perfectly dry (see note below)... ,69 87 

Shales, red or black, 2.4 to 2.8. 2.6 162 

Silver. 10.6 665 

Slate, 2.7 to 2.9. 2.8 176 

Soapstone, 2.65 to 2.8. 2.78 170 

Steel.. 7.86 490 

Sulphur.. 2.00 125 

Tallow.94 68.6 

Tar. 1 62.856 

Tin, cast, 7.2 to 7*5 . *. 7.36 469 

Walnut, Black, perfectly dry (see note below) ,61 88 

Water, pure rain, distilled, at 82 degrees F., 

Bar. 80 inches. 62.417 

** « at 62 degrees F., 

Bar. 80 inches. 1 62.866 

** at 212 degrees F., 

Bar. 80 inches ... 69.7 

sea, 1.026 to 1.080. 1.028 64.08 

Zinc or spelter, 6.8 to 7*2 ..... 7.00 487.6 


NeTB.«-Green timberi usually weigh from one-fifth to nearly one-half more tfaaa 
dry; ordinary building timbers, tolerably seasoned* one-sutth more. 
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When the specific gravity of a substance is known the weight 
per cubic foot of the substance can be found by multiplying the 
specific gravity by 62.355; the weight of one cubic inch by multi- 
pl 3 ing the specific gravity by 0.0361 the weight of one cubic inch 
of pure water at 62“ F. . 

Illustration: From the table, page 269, the specific gravity of 
cast iron is given as 7.2. Find the weight of 6 cubic inches of cast 

7.2 X 0.0361 X 6 = 1.5586 pounds 

If the weight per cubic foot of a substance is known, the specific 
gravity can be calculated by multiplying this weight by 0.01604. 

Illustration: Find the specific gravity of a cubic foot of cast 
tin that weighs 455 pounds. 

455 X 0.01604 = 7.29 

Specific Gravity of Liquids. The specific gravity of liquids 
is the number which indicates how much a certain volume of the 
liquid weighs compared with an equal volume of water. 


TABLE 4 

Spedlle Onvl^ «t Llqulda 


Liquid 

Sp. 

Or. 

Uquid 

Sp. 

Gr. 

Liquid 

Sp. 

Gr. 

Acetic add. 

Alcohol, oonunerical... 

Alcohol, puz^. 

Ammonda. 

Bendn 0 . 

Bromine. 

Carbolic add. 

Carbon disulphide. 

Cotton-seed oil. 

Ether, sulphuric. 

x.o 6 
0.83 
0.79 
0.89 
0.69 
a .97 
0.96 
z.a 6 
0.93 
0.73 

Fluoric add.... 

Gasoline. 

Kerosene. 

Linseed oil.... 
Mineral oil.... 
Muriatic add.. 

Naphtha. 

Nitric add. 

OUvcoH. 

Palm oil. ••••.. 

1.50 

0.70 

0.80 

0.94 

0.92 

Z.30 

0.76 

1.22 

0.92 

0.97 

Petroleum oil. •. 
Phosphoric add. 

Rape oil. 

Sulphuric add... 

Tar. 

Turpentine oil... 

Vinegar. 

Water. 

Water, sea. 

Whale oil. 

. 0.82 

2.78 

0.92 

X .84 

x.oo 

0.87 

Z .08 

x.oo 

X.03 

0.92 


There are three methods of determining the specific gravity 
of liquids: 

(1) Hydrometer method, in which the specific gravity of the 
liquid tested is read as the scale division marking the liquid level 
on the stem of the hydrometer. 
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(2) Bottle method, in which the specific gravity 

_ weight of liquid in a bottleful 
weight of water in a bottleful 

(3) Displacement method in which 

Specific ^avity weight of liquid displaced by a body 

weight of equal volume of water displaced by the body 
Specific Gravity of Gases.—The specific gravity of gases is the 
number which indicates their weight in comparison with that of an 
equal volume of air. The specific gravity of air is 1, and the com¬ 
parison is made at 32° F. 


TABLE 5 

Specific Gravity of Gases at 32 degrees F. 


Gas 


Gas 

ii 

Gas 

Sp. 

Gr.. 

Air. 


F.thf^r vapnr^ .... 

2.586 

0.967 

2.370 

1.261 

0.069 

0.400 

6.940 

Marsh gas,. 

0.555 

0.971 

1.039 

1.527 

1.106 
2.250 
0.623 

Acetylene. 

Alcohol vapor. 

Ammonia. 

Carbon dioxide. 

Carbon monoxide.... 
Chlorine. 

0.920 
1.601 

0.592 

1.520 

0,967 

2.423 

Ethylene. 

Hydrofluoric acid. 
Hydrochloric acid. 

Hydrogen.. 

Illuminating gas.. 
Mercury vapor... 

Nitrogen. 

Nitric oxide. 

Nitrous oxide... 

Oxygen. 

Sulphur dioxide. 
Water vapor.... 


I cubic foot of air at 32 degrees F. and atmospheric pressure weighs 0.0807 pound. 


Weights of Materials 

The weight of any object may be found by calculating its 
volume in cubic inches or cubic feet and multiplying this volume 
by the unit of weight, that is, the weight per cubic foot or cubic 
inch of the material of which the object is made. 

Weight of Square Bars: 

Illustration: ( 1 ^ Find the weight of a wrought iron bar 
1 foot long and 1 inch square if one cubic inch weighs 0.2778 pound. 

0.2778 X 12 = 3.33 

Therefore, a wrought iron bar 1 inch square and one foot long 
weighs 3.33 pounds. 

(2) Find the weight of a steel bar 1 foot long and 2 inches square 
if one cubic inch weighs 0.2835 pound. 

0.2835 X (2 X 2) X 12 = 13.63 
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Therefore, a steel bar 2 inches square, the cross section area 4 
sq in., and 1 foot long weighs 13.63 pounds. 

Weight of Sheet Metal.—The weight of one square foot of 
sheet iron equals 40 X thickness in thousandths of an inch. 
A square sheet of iron plate 1 inch thick and measuring 1 foot on 
each side contains: 

12 X 12 X 1 = 144 cubic inches 
144 X 0.2778 (the weight of 1 cubic inch of iron) = 40 

Therefore, the weight of a sheet of iron plate 1 inch thick and 
1 foot on each side weighs 40 pounds. 

Illustration: What is the weight of 1 sq. ft. of sheet iron, 
No. 20 gage, i.e., 0.032 inch thick. 

40 X 0.032 = 1.28 
Therefore the weight is 1.28 pounds. 

Illustration: Find the weight of a sheet of steel 6 feet 8 inches 
long, 2 feet 6 inches wide and No. 2 gage, i.e., 0.2576 inch thick. 

6 feet 8 inches = 80 inches, 2 feet 6 inches = 30 inches 
80 X 30 X 0.2576 X 0.2835 = 165.26 

Therefore, the weight of the bar is 165.26 pounds. 

Weight of Rotmd Bars.—The weight of round bars are found 
by a similar method used in square bars, the only difference being 
that the area of the end of the bar is the area of a circle whose 
diameter is given. 

Illustration : Find the weight of a steel bar 1 inch in diameter 
and 1 foot long. 

0.2835 X (P X 0.7854) X 12 = 2.67 
Therefore a round steel bar 1 inch in diameter and 1 foot long 
weighs 2.67 pounds. 

Table 6 may also be used to calculate the weights of round, 
square and hexagon steel bars. 

Illustration: Find the weight of a steel bar 1 inch in diam¬ 
eter and 1 foot long. 

From the table, weight per inch of a 1 inch round bar is 
0.2227 lb. Therefore, 12 X 0.2227 = 2.67 pounds. 
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TABLE 6 

Wbiqhtb and Areas of Round, Square and Hexagon Steel 

Weight of one cubic inch *= 0.2836 lb 
Weight of one cubic foot = 490 lb 



Area = 

Diam.* X 0.7854 

Area = Side* X 1 

Area =* Diam.* 

X 0.866 

Thickness 

or 


Round 


Square 

Hexagon 

Diameter 

Weight 

Area 

Circum- 

Weight 

Area 

Weight 

Area 


Per 

Square 

ference 

Per 

Square 

Per 

Square 


Inch 

Inches 

Inches 

Inch 

Inches 

Inch 

Inches 

H2 

0.0002 

0.0008 

0.0981 

0.0003 

0.0010 

0.0002 

0.0008 

Me 

.0009 

.0031 

.1963 

.0011 

.0039 

.0010 

.0034 

Ms 

.0020 

.0069 

.2995 

.0025 

.0088 

.0022 

.0076 

H 

.0035 

.0123 

.3927 

.0044 

.0156 

.0038 

.0135 


.0064 

.0192 

.4908 

.0069 


.0060 

.0211 

he 

.0078 

.0276 

.6890 



.0086 

.0304 

H2 

.0107 

.0376 

,6872 



.0118 

.0414 

h 

.0139 

.0491 

.7864 

1H 

.0625 

.0154 

.0640 

H 2 

.0176 

.0621 

.8835 

.0224 

.0791 

.0194 

.0686 

ni. 

.0218 

.0767 

.9817 

.0277 

.0977 

.0240 

.0846 

.0263 

.0928 

1.0799 

.0335 

.1182 

.0290 

.1023 

H 

.0313 

.1104 

1.1781 

.0405 

.1406 

.0345 

.1218 

^h2 

.0368 

.1296 

1.2762 

.0466 

.1651 

.0405 

.1428 

he 

.0426 

.1503 

1.3744 

.0643 

.1914 

.0470 

.1658 

^%2 

.0489 

.1726 

1.4726 

.0623 

.2197 

.0540 

.1903 

H 

.0557 

.1963 

1.5708 

.0709 

.2600 

.0614 

.2161 


.0629 

.2217 

1.6689 

.0800 

.2822 

.0693 

.2444 

he 

.0706 

.2485 

1.7671 

.0897 

.3164 

.0777 

.2743 

^%2 

.0785 

.2769 

1.8653 


.3526 

.0866 

.3053 


.0870 

.3068 

1.9635 

.1108 

.3906 

.0959 

.3383 

*>^2 

.0969 

.3382 

2.0616 

.1221 

.4307 


.3730 

^He 

.1053 

.3712 

2.1598 

.1340 

.4727 

.1161 

.4093 

*^2 

.1151 

.4067 

2.2680 

.1465 

.5166 


.4474 

H 

.1253 

.4418 

2,3562 

.1622 

.5625 

.1382 

.4871 


.1359 

.4794 

2.4543 

.1732 

.6103 

.1499 

.5286 


.1470 

.5185 

2.5525 

.1872 

.6602 

.1620 

.6712 

•H2 

.1586 

.5591 

2.6607 

.2019 

.7119 

.1749 

.6165 

% 

.1706 

.6013 

2.7489 

.2171 

.7666 

.1880 

.6631 
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TABLE 6— (Continued) 



Area =» 

Diam.* X 0.7854 

Area = Side* X 1 

Area »* Diam.* 

X 0.866 

Thickness 

or 


Round 


Square 

. . 

Hexagon 

_ 

Diameter 

Weight 

Area 

Circum- 

Weight 

Area 

Weight 

Area 


Per 

Square 

ference 

Per 

Square 

Per 

Square 


Inch 

Inches 

Inches 

Inch 

Inches 

Inch 

Inches 

^%2 

0.1829 


2.8470 

0.2329 

0.8213 

0.2015 

0.7112 


.1958 

.6903 

2.9452 

.2492 

.8789 

.2159 

.7612 


.2090 

.7371 

3.0434 

.2661 

.9384 

.2305 

.8127 

1 

.2227 

.7854 

3.1416 

.2836 


.2456 

.8643 

IHe 

.2515 

.8866 

3.3379 

.3201 

1.1289 

2773 

.9776 

IH 

.2819 

.9940 

3.5343 

.3589 


.3109 

1.0973 

We 

.3141 

1.1075 

3.7306 

.4142 

1.4102 

.3464 

1.2212 

IV* 

.3480 

1.2272 

3.9270 

.4431 

1.5625 

.3838 

1.3531 

We 

.3837 

1.3530 

4.1233 


1.7227 

.4231 

1.4919 

W 

.4211 

1.4849 

4.3197 

.5362 


.4643 

1.6373 

We 

.4603 

1.6230 


.5860 


.5076 

1.7898 

W 

.5012 

1.7671 

4.7124 

.6487 


.5526 

1.9485 

We 

.5438 

1.9175 

4.9087 

.6930 

2.4414 

.5996 

2.1143 

W 

.5882 

2.0739 

5.1051 

.7489 

2.6406 

.6480 

2.2847 

IWe 

.6343 

2.2365 

5.3014 

.8076 

2.8477 

.6994 

2.4662 

W 

.6821 

2.4053 

5.4978 

.8685 

3.0625 

.7521 

2.6522 


.7317 

2.5802 

5.6941 

.9316 

3.2852 


2.8450 

w 

.7831 

2.7612 

5.8905 

.9970 

3.5156 

.8635 

3.0446 

iWe 

.8361 

2.9483 


1.0646 

3.7539 

KMil 

3.2509 

2 

.8910 

3.1416 

6.2832 

1.1342 

4.0000 

.9825 

3.4573 

2 Ke 

.9475 


6.4795 

1.2064 

4.2539 


3.6840 


1.0058 

3.5466 

6.6759 

1.2806 

4.5156 



2 Ke 

1.0658 

3.7583 

6.8722 

1.3570 

4.7852 

1.1753 

4.1440 

2 M 

1.1276 

3.9761 


1.4357 

5.0625 

1.2434 

4.3892 

25ie 

1.1911 


7.2649 

1.5165 

5.3477 

1.3135 

4.6312 

2 ?^ 



7.4613 

1.6569 


1.3854 

4.8849 

2 Ke 

1.3234 

4.6664 

7.6575 

1.6849 

5.9414 

1.4593 

5.1454 

2 M 

1.3921 

4.9087 

7.8540 

1.7724 


1.5351 

5.4126 

2 ^ 

1.5348 

5.4119 

8.2467 

1.9541 

6.8906 

1.6924 

5.9674 

2H 

1.6845 

5.9396 

8.6394 

2.1446 

7.5625 

1.8574 

6.5493 

2 ^ 

1.8411 

6.4918 

9.0321 

2.3441 

8.2656 

2.0304 

7.1590 

3 

2.0046 

7.0686 

9.4248 

2.5548 

9.0000 

2.2105 

7.7941 
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TABLE 6— {Concluded) 



Area = 

Diam.* X 0.7854 

Area = Side* X 1 

Area = Diam.* 

X 0.866 

Thickness 

or 


Round 


Square 

Hexagon 

Diameter 
















Weight 

Area 

Circum- 

Weight 

Area 

Weight 

Area 


Per 

Square 

ference 

Per 

Square 

Per 

Square 


Inch 

Inches 

Inches 

Inch 

Inches 

Inch 

Inches 

Ws 

2.1752 

7.6699 

9.8175 

2.7719 

9.7656 

2.3986 

8.4573 

3M 

2.3527 

8.2958 

10.2102 

2.9954 

10.5625 

2.5918 

9.1387 

3^ 

2.5371 

8.9462 

10.6029 

3.2303 

11.3906 

2.7977 

9.8646 

3M 

2.7286 

9.6211 

10.9956 

3.4740 

12.2500 ! 

3.0083 

10.6089 

Wa 

2.9269 

10.3206 

11.3883 

3.7265 

13.1407 

3.2275 

11.3798 

ZYi 

3.1323 

11.0447 

11.7810 

3.9880 

14.0625 

3.4539 

12.1785 

ZVa 

3.3446 

11.7932 

12.1737 

4.2582 

15.0156 

3.6880 

13.0035 

4 

3.5638 

12.5664 

12.5664 

4.5374 

16.0000 

3.9298 

13.8292 

Wa 

3.7900 

13.3640 

12.9591 

4.8254 

17.0166 

4.1792 

14.7359 


4.0232 

14.1863 

13.3518 

5.1223 

18.0625 

4.4364 

15.6424 

Wa 

4.2634 

15.0332 

13.7445 

5.4280 

19.1406 

4.7011 

16.5761 


4.5105 

15.9043 1 

14.1372 

5.7426 

20.2500 

4.9736 

17.5569 

4% 

4.7345 

16.8002 

14.5299 

6.0662 

21.3906 

5.2538 

18.5249 


5.0255 

17.7205 

14.9226 

6.6276 

22.5625 

5.5416 

19.5397 

m 

5.2935 

18.6655 

15.3153 

6.7397 

23.7656 

5.8371 

20.5816 

5 

5.5685 

19.6350 

15.7080 

7.0897 

25.0000 

6.1403 

21.6503 

5H 

5.8504 

20.6290 

16.1007 

7.4496 

26.2656 

6.4511 

22.7456 


6.1392 

21.6475 1 

16.4934 

7.8164 

27.5624 

6.7697 ! 

23.8696 

Wa 

6.4351 

22.6905 

16.8861 

8.1930 

28.8906 

7.0959 

25.0198 

m 

6.7379 

23.7583 

17.2788 

8.5786 

30.2500 

7.4298 , 

26.1971 

SH 

7.0476 

24.8505 

17.6715 

8.9729 

31.6406 

7.7713 

27.4013 

5Y 

7.3643 

25.9672 

18.0642 

9.3762 

33.0625 

8.1214 

28.6361 

5H 

7.6880 

27.1085 

18.4569 

9.7883 

34.5156 

8.4774 

29.8913 

6 

8.0186 

28.2743 

18.8496 

10.2192 

36.0000 

8.8420 

31.1765 


8.7007 

30.6796 

19.6350 

11.0877 

39.0625 

9.5943 

33.8291 

6H 

9.4107 

33.1831 

20.4204 

11.9817 

42.2500 

10.3673 

36.5547 


10.1485 

35.7847 

21.2058 

12.9211 

45.5625 

11.1908 

39.4584 

7 

10.9142 

38.4845 

21.9912 

13.8960 

49.0000 

12.0351 

42.4354 

7H 

12.5291 

44.1786 

23.5620 

15.9520 

56.2500 

13.8158 

48.7142 

8 

14.2553 

50.2655 

25.1328 

18.1497 

64.0000 

15.7192 

55.3169 


Multiply above weights by 0.993 for wrought iron, 0.918 tor cast iron 
1.0331 for cast brass, 1.1209 for copper, 1.1748 for phos. bronze, and 0.3265 foi 
aluminum. 
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EXCAVATION AND FOUNDATIONS 

Excavation. —Excavation of earth' and rock involves three 
or four general operations on the excavated material; viz., 
(a) loosening, (b) loading, (c) hauling, and (d) dumping. Rock, 
hardpan, and frozen ground may be loosened most economically 
with explosives, although pneumatic spades may be used on the 
latter two where explosives are not permitted. 

In soft ground, loosening and loading become one operation. 
On small work, picks and shovels are used to break up the ground 



Fio. 1.—Western Slip or Drag Scraper. 


and load it into dump wagons. Drag scrapers such as shown in 
Fig. 1 are also widely used on small building excavation, par¬ 
ticularly when the dirt may be disposed of close at hand. In the 
case of excavations for larger buildings, steam or gasoUne shovels 
are generally used. These dump into trucks which have access 
to the hole by ramps or elevators. 

Three special types of excavations will be considered in the 
following paragraphs; namely, foundation, right-of-way cut, and 
borrow pit excavations. 


267 



268 HANDBOOK OF APPLIED MATHEMATICS 


La 3 ring Out a Foundation.—The first step preparatory to 
excavating for the foundation of a small building is to set stakes 
into the ground on the lines of the excavation and some distance 
back from the comei^s as shown in Fig. 2. These stakes should 
be set by an engineer or surveyor. When lines are stretched 
between the stakes, the diagonals between the corners are equal 
when the excavation is rectangular. When the corners are sup¬ 
posed to be square, the angle may be checked by laying off a 
distance of 6 feet from the corner along one line and 8 feet from the 
comer on the other. The distance between these two points 
should measure 10 feet. 




Line of £xcauatlon\ 


Squaring of Corners 
by use of 6-8-10 ^ 



\\/ '' 0 "' 

^^Jiiaoonafs are Equal if\S. 
Building is Bectangular^y 


^^Line of Excavation 
Outside of 


•ij \^ 6 ' 0 ^ 

Laying out Excavation Laying out Foundation 



Outside Line of 
foundation Wall 
\ 

\ 


Fig. 2. 


Excavation lines should be set 1 foot outside of the foundation 
lines to allow sufficient working space. 

Estimating Quantity of Excavated Material —Material removed 
from an excavation is measured by cubic yards “ in place.” That 
is, it is measured as solid ground and not as the loose material 
which is hauled away and dumped. The reason for this is that the 
latter occupies a volume about 26 percent greater than its original 
volume. The problem of measuring the amount of material 
excavated becomes then a case of determining the volume of the 
resulting hole. When the ground is level and the figure regular, 
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the computation is quite simple. It can best be illusttated by a 
few examples. 

Illustration: Figure 3 shows the plan of a building whose 
outside dimensions are 20 feet and 32 feet. What is the volume of 
excavation if the depth is uniformly ei^ht feet and the lines of 
excavation are one foot outside the building lines? 

The dimensions of the hole are 8 ft. X 22 ft. X 34 ft. 

Volume = 8 X 22 X 34 = 5984 cu. ft. 

6984 

Changing to cu. yd., volume = —— = 222 cu. yd. (Ans.) 

Zt 4 

Illustration: Figure 4 gives the dimensions of the plan of a 
T-shaped building. What is the volume of excavation if the 



Fig. 3 . 


Fig. 4 . 


excavating line is one foot outside the building line and the depth 
is nine feet? 

The area of the excavation can be computed most readily by 
mentally dividing its plan into two rectangles, one 82 feet by 27 feet 
and the other 75 feet by 42 feet. The areas of these are 
82 X 27 = 2214 sq. ft. 

75 X 42 = 3150 sq. ft. 

Total 5364 sq. ft. 

The volume in cubic feet is then the total area times the depth of 
9 feet. This is changed to cubic yards by dividing by 27. If 
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these operations are set up together, the computation may be 
completed mentally: 

5364X0 ^ , 

——— = 1788 cu. yd. (Ans.) 

3 

Illustration: A building of the dimensions shown in Fig. 5 
is to be built on a triangular lot. If the excavation is eight feet 
deep and one foot outside the building line, what volume of earth 
will have to be removed? 

The problem gives us the three sides of an oblique-angled 
triangle, but we do not know any of the dimensions of the larger 
triangle represented by the excavation 
line. Determining these dimensions 
would be a tedious operation not war¬ 
ranted by this problem. A practical 
solution is to solve for the area of 
the triangle represented by the build¬ 
ing line and add to this the area of a H--H 

strip one foot wide and slightly longer yiq. 5. 

than the perimeter of the triangle. 

From geometry we know that the area of any triangle, whose 
three sides are represented by a, 6, and c, is 

VSiS -a)iS- bjiS - c) 

when S = Using this, we proceed to find the area 

of the inner triangle. 

S^i{a + b + c) = -K72 + 40 + 80) = 96 
Area = V96(96 - 72) (96 - 40) (96 - 80) 

= V96 X 24 X 56 X 16 = 1437 sq. ft. 

In computing the area of the one-foot strip around this triangle. 
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let us arbitrarily add 3 feet to the sum of the lengths of the sides 
of the foundation wall. Then the area is 

area of strip = 1 X (72 + 40 + 80 + 3) = 195 sq. ft. 

Adding this to the area of the triangle w» obtain, 1437 + 195 = 
1632 sq ft. The volume of the excavation is then this area times 
the depth, 8 feet, and divided by 27 to change to cubic yards, or 

1632 X 8 

Volume =-—— = 483 cu. yd. (Ans.) 


Average End Area Method of Estimating Earthwork.—The 
preceding paragraphs have considered only excavations regular 
in shape and with vertical sides such as are common in foundation 
work for buildings. Vertical faces of earth will, however, only 
remain standing a short time and when a permanent depression 




Section B-B 


(c) 


in earth is desired without retaining walls, the sides of the exca¬ 
vation must be sloped. 

The slope which a loose material will naturally assume and at 
which it will remain stable, is called the angle of repose^ referred 
to the horizontal. Sand has an angle of repose of about 34 degrees, 
a mixture of sand, gravel, and clay, an angle of about 45 degrees, 
while sound rock will stand vertical or at an angle of 90 degrees. 

An irregular excavation or a uniform excavation through 
irregular ground is usually measured by dividing the total volume 
into small prisms and arriving at the sum of the volumes of these 
prisms. For example, let Fig. 6 (o) represent the profile of a hill 
through which a driveway is to be cut, and Fig. 6 (b) a cross- 
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section at A-A while (c) is a cross-section at B~B. The volume 
to be excavated between sections A-A and B-B is a six-sided 
prism whose shape is approximately as shown in Fig. 7. In the 
average-end-area method of computing this volume, the area of 
ABCD is averaged with the area of EFGH, resulting in the area 
of the mid-section IJKL. This is multiplied by the distance 
between the cross-sections (CG or DE) to obtain the volume. If 
then, in Fig. 6 (a) we average the areas of the sections, a and b, 
b and c, c and d, d and e, e and /, / and g, g and h, and multiply 
each average by the distance between its respective end areas, 
we will obtain the volume of the entire excavation. 

It is to be noted that the result is only approximately correct 
and that the error increases as the difference in areas of the end 
sections increases. However, the 
method represents accepted practice 
in ei^neering work. 

Right-of-Way Excavations.— 

The method outlined in the preced¬ 
ing paragraphs is equally applicable DC KG 
to cuts for driveways, highways, Fia. 7. 

railways, canals, etc., which we 

shall call right-of-way excavations for want of a more descriptive 
term. These excavations, or “ cuts,” as they are called, have 
the common property of being generally uniform in shape of 
cross-section, the only major variation being the depth of the 
cut. This being true, it has been possible to develop tables so 
that the voltunes can be estimated with a minimum of computa¬ 
tion and without the use of surve 3 ing instruments. 

Whether the tables or direct computation are used, a longi¬ 
tudinal line is first laid out along the centerline of the work and 
stakes or markers are set at horizontal intervals of 100 feet along 
this line. These points are called stations. If the ground is very 
irregular, the intervals may be only 60 feet, and for rock excava¬ 
tion the interval is often only 25 feet. 

The use of the tables requires a knowledge of the width of the 
base of a roadway, the slope of the sides, and the depth of the cut 




TABLE 1 

Lbybi4 Sbctions (Earthwork); Height, 0-60 Ft. 

Babb of Roadway, 16 Ft., Side Slope, 1 to 1 

Note.—The last two columns enable us to use aw other base than 14 ft.; 
Ex.—Given height, 20.3 ft.; roadway 14 ft. Ther we have, 2729,2— 
<148.15+2.22) » 2578.8 cu. yds. 

[Cu. Yds. per 100-Pt. Station.] 


































































































274 HANDBOOK OF APPLIED MATHEMATICS 

TABLE 2 

Level Sections (Earthwork); Height, 0-60 Ft; 

Base op Roadway, 16 Ft., Side Slopes, to 1 

Note.—^The last two columns enable us-to use any other base than 16 ft.: 
Ex.—Given height, 39.7 ft.;-roadway 14 ft. Theo we have, 11109 — 
(258*89+6.19) - 10815 cu. yds. 

[Cu. Yds. per 100-Ft. Station.] 



Ht. 

Ft. 

.0 ' 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

Width 
of 2 Ft. 
Cu.Yds 


^ Note that Base, Slope, and Cu. Yds. in this table may all be multiplied by the same factor; thus, 
using factor of 1}^ for height of 39.1 ft., we have, 16215 cu. yds. for base of 24 ft- and slopes 2H to 1. 

0 

1 

2 

3 

4 

5 
€ 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

64.8 

140.7 

227.8 

325.9 

435.2 

555.6 
687.0 

829.6 

983.3 

1148.1 

1324.1 

1511.1 

1709.3 

1918.5 

2138.9 

2370.4 
2613.0 

2866.7 

3131.5 

3407.4 

3694.4 

3992.6 

4301.9 

4622.2 

4953.7 

5296.3 
5650.0 

6014.8 

6390.7 

6777.8 

7175.9 

7585.2 

8005.6 
8437.0 

8879.6 

9333.3 
9798.1 
10274 
10761 
11259 
11769 
12289 
12820 
13363 
13917 
14481 
15057 
15644 
16243 
16852 
17472 
18104 
18746 
19400 
20065 
20741 
21428 
22126 
22835 
23556 

6.0 

71.9 

148.9 

237.1 

336.4 

446.7 

568.2 

700.8 

844.5 

999.3 

1165.2 

1342.3 

1530.4 

1729.7 

1940.1 

2161.5 

2394.1 

2637.8 

2892.6 

3158.6 

3435.6 

3723.8 
4023.0 

4333.4 

4654.9 

4987.6 

5331.2 
5686.0 

6051.9 

6423.9 

6817.1 

7216.4 

7626.7 

8048.2 

8480.8 
8924.51 

9379.3 
9845.2 
10322 
10810 
11310 
11820 
12342 
12874 
13418 
13973 
14539 
15116 
15704 
16303 
16913 
17535 
18167 
18811 
19466 
20132 
20809 
21497 
22196 
22907 
23628 

12.1 

79.1 

157.3 
246.5 
346.9 

458.4 
581.0 
714.7 

859.5 

1015.4 

1182.4 

1360.6 
1549.9 

1750.2 

1961.7 

2184.3 
2418.0 

2662.8 

2918.7 

3185.8 

3463.9 

3753.2 

4053.6 
4365.0 

4687.6 

5021.3 

5366.1 

5722.1 

6089.1 

6467.3 

6856.5 

7256.9 

7668.4 
8091.0 

8524.7 

8969.5 

9425.4 

9892.4 
10371 
10860 
11360 
11872 
12394 
12928 
13473 
14029 
14596 
15174 
15763 
16364 
16975 
17598 
18231 
18876 
19532 
20199 
20877 
21567 
22267 
22978 
23701 

18.3 

86.4 

165.7 

256.1 

357.5 

470.1 

593.8 

728.6 

874.6 

1031.6 

1199.8 
1379.0 

1569.4 

1770.9 

1983.5 
2207.2 
2442.0 

2687.9 

2944.9 

3213.1 

3492.4 

3782.7 

4084.2 

4396.8 

4720.5 

5055.3 

5401.2 

5758.3 

6126.4 

6505.7 

6896.1 

7297.5 

7710.1 

8133.8 

8568.6 

9014.6 

9471.6 

9939.8 
10419 
10909 
11411 
11923 
12447 
12982 
13528 
14085 
14653 ; 
15232 
15823 
16424 
17037 
17661 
18295 
18941 
19598 
20266 
20946' 
21636 
22338 
23050 
23774 

24.6 

93.9 

174.2 

265.7 

368.3 
482.0 

606.8 

742.7 

889.8 

1047.9 

1217.2 

1397.6 
1589.0 

1791.6 

2005.3 

2230.1 

2466.1 

2713.1 

2971.3 
3240.5 

3520.9 

3812.4 
4115.0 

4428.7 

4753.5 

5089.4 

5436.4 

5794.6 

6163.9 

6544.2 

6935.7 

7338.3 
7752.0 

8176.8 

8612.7 

9059.8 

9517.9 
9987.2 
10468 
10959 1 
11462 
11975 
12500 
13036 
13583 
14141 
14711 
15291 
15882 
16485 
17099 
17723 
18359 
19006 
19665 
20334 
21014 
21706 
22408 
23122 
23847 

31.0 

101.4 

183.9 

275.5 
379.2 
494.0 

619.9 

756.9 
905.1 

1064.4 

1234.7 

1416.2 

1608.8 

1812.5 

2027.3 

2253.2 

2490.3 

2738.4 

2997.7 

3268.1 

3549.5 

3842.1 

4145.8 

4460.6 

4786.6 

5123.6 

5471.8 
5831.0 

6201.4 

6582.9 

6975.5 

7379.2 
7794.0 

8219.9 

8656.9 
9105.1 
9564.4 
10035 
10516 
11009 
11513 
12027 
12553 
13090 
13638 
14198 
14768 
15350 
15942 
16546 
117161 
il7787 
18424 
19072 
19731 
20401 
21083 
21775 
22479 
23194 
23920 

37.6 

109.0 

191.6 

255.3 

390.1 

506.1 

633.1 

771.3 
920.5 

1080.9 

1252.4 
1435.0 

1628.7 

1833.5 

2049.4 

2276.4 

2514.6 

2763.9 

3024.2 

3295.7 

3578.3 
3872.0 

4176.8 

4492.7 

4819.8 

5157.9 

5507.2 

5867.6 
6239.0 

6621.6 

7015.3 

7420.1 

7836.1 

8263.1 

8701.3 

9150.5 

9610.9 
10082 
10565 
11059 
11563 
12079 
12606 
13145 
13694 1 
14254 
14826 
15408 
16002 
16607 
17223 
17850 
!i8488 
19137 
19798 
20469 
21152 
21845 
22550 
23266 
23993 

44.2 

116.8 

200.5 

295.3 

401.2 

518.3 

646.4 
785.7 
936.1 

1097.5 

1270.1 

1453.8 

1648.6 

1854.6 

2071.6 

2299.8 
2539.0 

2789.4 

3050.9 

3323.5 

3607.2 
3902.0 

4207.9 

4524.9 

4853.1 

5192.4 

5542.7 

5904.2 

6276.8 

6660.5 

7055.3 

7461.2 

7878.3 

8306.4 
8745.7 
9196.1 

9657.5 
10130 
10614 
11109 
11615 
12132 
12660 
13199 
13749 
14311 
14883 
15467 
16062 
16668 
17285 
17913 
18552 
19203 
19864 
20537 
22221 
21915 
22621 
23338 
24066 

51.0 

124.7 

209.5 

305.4 

412.4 

530.6 
659.9 
800.2 

951.7 
1114.3 
1288.0 
1472.8 

1668.7 

1875.8 

2093.9 

2323.2 

2563.6 
2815.0 

3077.6 

3351.3 

3636.1 

3932.1 

4239.1 

4557.3 
4886.5 

5226.9 

5578.4 
5941.0 

6314.7 

6699.5 

7095.4 

7502.4 

7920.6 

8349.9 

8790.2 

9241.7 

9704.3 
10178 
10663 
11159 
11666 
12184 
12713 
13254 
13805 
14368 
14941 
15526 
16122 
16729 
17347 
17977 
18617 
19268 
19931 
20605 
21289 
21985 
22692 
23411 
24140 

57.8 

132.6 

218.6 
315.6 

423.8 
543.0 

673.4 

814.9 

967.5 
1131.2 
1306.0 

1491.9 

1688.9 

1897.1 

2116.4 

2346.7 

2588.2 

2840.8 

3104.5 

3379.3 

3665.2 

3962.3 

4270.4 

4589.7 

4920.1 

5261.5 

5614.1 

5977.8 

6352.6 

6738.6 

7135.6 

7543.8 
7963.0 

8393.4 

8834.9 

9287.5 

9751.2 
10226 , 
10712 
11209 
11717 
12236 
12767 
13308 
13861 
14425 
14999 
15585 
16182 
16790 . 
17410 
18040 
18682 
19334 
19998 
20673 
21359 
22056 
22764 
23483 
24213 

7.41 

14.81 

22.22 

29.63 

37.04 

44.44 

61.85 

59.26 

66.67 

74.07 

81.48 

88.89 

96.30 

103.70 
111.11 

118.52 

125.93 

133.33 

140.74 

148.15 

156.56 

162.96 

170.37 

177.78 

185.19 

192.59 
200.00 

207.41 

214.81 
222.22 

229.63 
237.04 

244.44 
251.85 
259.26 
266.67 
274.07 
281.48 
288.89 
296.30 

303.70 
311.11 

318.52 

325.93 

333.33 

340.74 

348.15 

355.56 

362.96 

370.37 

377.78 

385.19 

392.59 
400.00 

407.41 

414.81 
422.22 

429.63 
437.04 

444.44 

1 

1 

2 

3 

4 

5 

6 

7 

8 
9 

1 

I 

i 

1 

S 

a 

i 

fa 

o 

I 

s 

rf 

3 

p. 

7.41 

.74 

1.48 

2.22 

2.96 

3.70 

4.44 

5.19 

5.93 

6.67 
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EXCAVATION AND FOUNDATIONS 


TABLE 3 

Level Sections (Earthwork); Height, 0-60 Ft. 

Base of Roadway, 28 Ft., Side Slopes, 1 to 1 

Note.—The last two columns enable us to use axw other base than 28 ft.: 
Ex.—-Given height, 57.6 ft.; roadway 26 ft. Then we have, 18208— 
(422.22+8.70) -17782 cu. yds. 

[Cu. Yds. per 100-Pt. Station.] 



Ht . 

Ft. 

•0 

.1 

.2 

.8 

.4 

.5 

.6 

7 

.8 

.9 

Width 
of 2 Ft. 
ClLYds 


, Nol § that Base, Slope, and Cu. Yds. in this tat>le may all be multlpUed by the same factor; thus, 
using factor of H for height of 45.1.ft.. we have. 6105 cu. vds. for base of 14 ft. and slooes 14 to 1. 

~ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

13 

14 
16 
16 

17 

18 

19 

20 
81 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 
84 
36 

36 

37 

38 
30 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 
61 

52 

53 

54 
56 
66 
67 

58 

59 

60 

107.4 
222.2 

844.4 

474.1 

611.1 

756.6 

907.6 

1066.7 

1233.3 

1407.4 
1688.9 

1777.8 

1974.1 

2177.8 

2388.9 

2607.4 

2833.3 
3066.7 

3307.4 

3556.6 

3811.1 

1074.1 

4344.4 

4622.2 

4907.4 
6200.0 
5600.0 

5807.4 
6122.2; 

6444.4 

6774.1 

7111.1 

7456.6 
7807.4| 

8166.7 

8533.3 

8907.4 

9288.9 

9677.8 
10074 
10478 
10889 
11307 
11733 
12167 
12607 
13056 
13511 
13974 
14444 
14922 
15407 
16900 
16400 
16907 
17422 
,17944 
18474 
19011 
Il 9656 

10.4 

118.6 

234.1 

367.1 

487.4 

626.2 

770.4 
923.0 

1083.0 

1260.4 

1426.2 

1607.4 

1797.1 

1994.1 

2198.6 

2410.4 

2629.7 

2856.3 

3090.4 
3331.9 

3680.8 

3837.1 

4100.8 

4371.9 

4660.4 

4936.3 
5229.7 

5530.4 
6838.6 

6154.1 

6477.1 

6807.4 

7145.2 

7490.4 
7843.0 
8203.0 

8570.4 

8945.2 

9327.4 
9717.1 
10114 
10519 
10930 
11350 
11776 
12210 
12652 
13101 
13587 
14021 
14492 
14970 
15456 
15950 
16450 
16959 
17474 
17997 
18627 
19065 
19610 

20.9 

129.8 
246.1 

369.8 

500.9 

639.4 

786.4 
938.7 

1099.4 

1267.6 

1443.1 

1626.1 

1816.4 

2014.2 

2219.4 
2432.0 
2662.0 

2879.4 

3114.2 

3366.4 

3606.1 

3863.1 

4127.6 

4399.4 

4678.7 

4965.3 

5259.4 
5560.9 

6869.8 

6186.1 

6509.8 

6840.9 

7179.4 

7526.3 
7878.7 

8239.4 
8607.6 

8983.1 

9366.1 

9756.4 
10154 
10559 
10972 
11392 
11819 
12254 
12696 
13146 
13603 
14068 
14539 
15019 
15506 
15999 
16501 
17010 
17526 
18050 
18581 
19119 
19665 

31.4 

141.1 

268.1 

382.6 

614.4 

663.7 

800.4 
954.6 

1116.9 

1284.8 

1461.1 

1644.8 

1836.9 
2034.4 

2240.3 
2463.7 

2674.4 

2902.6 

3138.1 

3381.1 

3631.4 

3889.2 

4164.4 
4427.0 
4707.0 

4994.4 

5289.2 

5591.4 

5901.1 

6218.1 

6542.6 

6874.4 

7213.7 

7560.3 

7914.4 

8276.9 

8644.8 
9021.1 

9404.8 

9795.9 
10194 
10600 
11014 
11434 
11863 
12298 
12741 
13191 
13649 
14114 
14587 
15067 
15554 
16049 
16551 
17061 
17578 
18103 
18634 
19174 
19720 

42.1 

152.4 
270.2 

396.4 
628.0 
668.0 
816.6 
970.8 

1132.4 

1302.1 

1479.1 

1663.6 

1856.4 

2064.7 

2261.8 

2476.4 
2696.9 

2926.8 

3162.1 

3405.8 

3656.9 

3915.4 

4181.3 
4454.7 

4735.4 

5023.6 

5319.1 

5622.1 

5932.4 

6250.2 

6575.4 
6908.0 
7248.0 

7595.4 

7950.2 

8212.4 
8682.1 
9059.1 

9448.6 

9835.4 
10235 
10641 
11055 
11477 
11906 
12342 
12786 
13237 
13695 
14161 
14635 
15115 
15604 
16099 
16602 
17112 
17630 
18155 
18688 
19228 
19775 

62.8 

163.9 

282.4 
408.8 
541.7 

682.4 
830.6 
986.1 

1149.1 

1319.4 

1497.2 

1682.4 
1876.0 
2076.0 

2282.4 

2497.2 

2719.4 

2949.1 

3186.1 

3430.6 

3682.4 

3941.7 

4208.3 

4482.4 
4763.9 

5052.8 

5349.1 

5652.8 

5963.9 

6282.4 

6608.3 
6941.7 

7282.4 
7630.6 

7986.1 

8349.1 

8719.4 

9097.2 

9482.4 
9875.0 
10275 
10682 
11097 
11519 
11949 
12386 
12831 
13282 
13742 
14208 
14682 
15164 
15653 
16149 
16653 
17164 
17682 
18208 
18742 
19282 
19831 

63.6 

176.4 

294 .T 

421.3 

555.4 
696.9 
846.8 

1002.1 

1165.8 

1336.9 
1515.4 

1701.3 
1894 7 

2006.4 

2303.6 

2519.1 

2742.1 

2972.4 

3210.2 

3455.4 
3708.0 
3968.0 

4235.4 

4610.2 

4792.4 
6082.1 

5379.1 

5683.6 

5996.4 

6314.7 

6641.3 

6976.4 

7316.9 

7665.8 

8022.1 

8386.8 

8756.9 

9135.4 
9521.3 
9914.7 
10315 
10724 
11139 
11562 
11992 
12430 
12875 
13328 
13788 
14255 
14730 
15212 
15702 
16199 
16704 
17215 
17736 
18261 
18795 
19337 
19886 

74.4 

187.0 

807.0 

434.4 
669.2 

711.4 
861.1 

1018.1 

1182.6 

1364.'4 

1533.7 

1720.3 

1914.4 
3116.9 

2324.8 

2541.1 

3764.8 

2996.9 

3234.4 
3480.8 
3733.7 

3994.4 

4262.6 

4538.1 

4821.1 

5111.4 

5409.2 

5714.4 
6127.0 
6347.0 

6674.4 

7009.2 

7361.4 

7701.1 

8068.1 

8422.6 

8794.4 

9173.7 

9560.3 

9954.4 
10356 
10765 
11181 
11605 
12036 
12474 
12920 
13374 
13834 
14303 
14778 
15261 
15751 
16249 
16754 
17267 
17787 
18314 
18849 
19391 
Il 9941 

85.8 

198.7 

319.4 

447.6 

583.1 

726.1 

876.6 

1034.2 

1199.4 
1372.0 
1652.0 

1739.4 

1934.2 

2136.4 

2346.1 

2663.1 

2787.6 

3019.4 

3258.7 

3505.8 

3759.4 
4 Q 20.9 

4289.8 

4566.1 

4849.8 

6140.9 

5439.4 

5746.3 
6158.7 

6379.4 
6707.6 

7043.1 

7386.1 

7736.4 

8094.2 

8459.4 
8832.0 
9212.0 

9599.4 

9994.2 
10396 
10806 
11223 
11648 
12979 
12519 
12966 
13419 
13881 
14350 
14826 
15310 
15801 
16299 
16805 
17319 
17839 
18368 
18903 
19446 
[19996 

96.3 

210.4 
881.9 

460.8 
697.1 

740.8 

891.9 

1060.4 
1216 3 
1389.7 

1670.4 

1758.6 

1954.1 

2167.1 

2367.4 

8585.2 

2810.4 
3043.0 
3283.0 

3530.4 

3786.2 

4047.4 

4317.1 

4594.1 

4878.6 

6170.4 

5469.7 

5776.3 

6190.4 
6411.9 

6740.8 

7077.1 

7420.8 

7771.9 

8130.4 

8496.3 
8869.7 

9250.4 
9638.6 
10034 
10437 
10847 
11265 
11690 
12123 
12563 
13010 
13465 
13927 
14397 
14874 
15359 
16850 
16350 
16856 
17370 
17892 
18421 
18957 
195 C 1 
120052 j 

7.41 

14.81 

22.22 

29.63 

87.04 

44.44 

51.85 

69.26 

66.67 

74.07 

81.48 

88.89 

96.30 

103.70 
111.11 
118.62 

125.93 

133.33 

140.74 

148.15 

155.66 

162.96 

170.37 

177.78 

185.19 
192.59 
200.00 

207.41 

214.81 
222.22 
229.63 
237.04 

244.44 
251.85 
259.26 
2^.67 
274.07 
281.48 
288.89 
296.30 

303.70 
311.11 

318.62 

326.93 

333.33 

340.74 

348.16 

365.66 

362.96 

370.37 

377.78 

385.19 
392.69 
400.00 

407.41 

414.81 
422.22 

429.63 
437.04 

444.44 

1 

a 

1 

o 

1 

& 

1 

p . p . 
7.41 

1 .74 

2 1.48 

3 2.22 

4 2.98 

5 3.70 

6 4.44 

7 5.19 

8 5.93 

9 6.67 

t 

1 

I 

1 
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TABLE 4 

Level. Sections (Earthwork); Height, 0-60 Ft. 

Base op Roadway, 28 Ft., Side Slopes, 1)4 to 1 

Note.—^The last two columns enable us to use other base than 28 ft.: 

Ex.—Given height, 33.6 ft.; roadway 30 ft. Then we have, 9766.4+ 
(244.44+4.44)«10005.3 cu. yds. 

[Cu. Yds. per lOO-Pt. Station.] 


J 

Ht. 

Ft. 

.0 

.1 

.2 .3 

.4 

.5 

.6 

.7 

.8 

.9 

Width 
Df 2 Ft. 
Cu.Yd8 


NoU that Base, Slope, and Cu. Yds. In this table may all be multiplied bv the same fa^or; thus, 

1 ttsinff factor of H lor height of 61.4 ft., we have. 10004 cu. yds. for base of 14 ft. and slopes l4_to 1. 

0 

1 

2 

3 

4 

6 

6 

7 

3 

9 

10 

11 

12 

13 

14 

15 
14 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

fa 

44 

45 

46 

47 

48 

49 
60 

51 

52 

53 

54 

55 

56 

57 

58 

59 
«0 

109.3 

229.6 

361.2 

503.7 
657.5 

822.2 

998.1 

1185.2 

1383.3 

1592.6 
1813.0 

2044.4 
2287.0 

2540.7 

2805.6 

3081.6 

3368.5 

3666.7 
3975.9 

4296.3 

4627.8 

4970.4 

5324.1 

5688.9 

6064.8 

6451.9 
6850.0 

7259.3 

7679.6 

8111.1 

8553.7 

9007.4 
9472.2 
9948.1 
10435 
10933 
11443 
11963 
12494 
13037 
13591 
14156 
14731 
15318 
15917 
16526 
17146 
17778 
18420 
19074 
19739 
20415 
21102 
21800 
22509 
23230 
23961 
24704 
25457 
^6222 

10.4 
120 8 

242.3 
374.9 
518.6 

673.4 
839.3 

1016.4 

1204.5 

1403.8 

1614.1 

1835.6 

2068.2 

2311.9 

2566.7 

2832.6 

3109.7 

3397.8 

3697.1 

4007.5 

4328.9 

4661.5 

5005.2 

5360.1 
5726.0 
6103.0 

6491.2 
6890.4 

7300.8 

7722.3 

8154.9 

8598.6 

9053.4 

9519.3 

9996.4 
10484 
10983 
11494 
12016 
12548 
13092 
13647 
14213 
14790 
15378 
15977 
16587 
17209 
17842 
18485 
19140 
19806 
20483 
21171 
21870 
22581 
23302 
24036 
24779 
25533 
26299 

21.0 

132.5 
255.0 
388.8 

533.6 

689.5 

856.5 

1034.7 
1223.9 

1424.3 

1635.8 

1858.4 

2092.1 

2336.9 

2592.8 

2859.9 
3138.0 

3427.3 

3727.6 

4039.1 

4361.7 

4695.4 

5040.2 

5396.1 

5763.2 

6141.3 
6530.C 
6931.0 

7342.4 
7765.0 

8198.7 
8643.6 

9099.5 

9566.5 
10045 
10534 
11034 
11546 
12068 
12602 
13147 
13703 
14270 
14848 
15437 
16038 
16649 
17272 
17905 
18550 
19206 
19873 
20551 
21241 
21941 
22652 
23375 
24109 
24854 
25609 
h6376 

31.6 

144.3 

267.9 
402.8 

548.6 

705.7 

873.8 

1053.1 
1243.6 

1444.9 

1657.5 

1881.2 
2116.1 
2362.0 
2619.0 

2887.2 
3166.4 

3456.8 

3758.3 

4070.9 

4394.6 

4729.4 

5075.3 

5432.4 

5800.5 

6179.8 

6570.1 

6971.6 

7384.2 

7807.9 

8242.7 
8688.^ 

9145.7 

9613.8 
10093 
10583 
11084 
11598 
12121 
12656 
13202 
13759 
14327 
14906 
15497 
16098 
16711 
17335 
17969 
18615 
19272 
19940 
20620 
21310 
22012 
22724 
23448 
24183 
24929 
25686 
126454 

42.4 

156.1 

280.9 

416.9 

563.9 

722.1 

891.2 

1071.6 

1263.1 

1465.7 
1679.4 

1904.2 
2040 1 

2387.2 

2645.3 

2914.6 
3195.0 

3486.4 
3789.0 

4102.7 

4427.6 

4763.5 

5110.5 

5468.7 

5837.9 

6218.3 

6609.8 

7012.4 
7426.1 

7850.9 

8236.8 

8733.9 
9192.0 
9661.3 
10142 
10633 
11135 
11649 
12174 
12710 
13257 1 
13815 i 
14385 
14965 
15556 
16159 
16773 
17398 
18033 
18680 
19339 
20008 
20688 
21380 
22082 
22796 
23521 
24257 
25004 
25762 
126531 

53.2 

168.1 

294.0 

431.1 

579.3 

738.5 
908.8 

1090.3 
1282.9 

1486.6 

1701.4 

1927.3 

2164.3 

2412.5 

2671.8 

2942.1 

3223.6 

3516.2 

3819.9 

4134.7 

4460.6 

4797.7 

5145.8 

5505.1 

5875.5 

6256.9 

6649.5 

7053.2 

7463.1 
7894.0 
8331.0 

8779.2 

9238.4 
9708.8 
10190 1 
10683 
11186 
11701 
12227 
12764 
13312 
13872 
14442 
15024 
15616 
16220 
16835 
17461 
18098 
18746 
19405 
20075 
20757 
21450 
22153 
22868 
23594 
24331 
25079 
25S38 
126609 

64.2 

180.2 

307.2 

445.4 

594.7 
755.0 

926.4 
1109.0 

1302.7 

1507.6 

1723.5 

1950.5 

2188.7 
2437.9 
269&3 

2969.8 
3252.4 

3546.1 

3850.9 

4166.8 

4493.9 
4832.0 

5181.3 

5541.6 

5913.1 

6295.7 

6689.4 

7094.2 

7510.1 

7937.2 

8375.3 
8824.6 
9285.0 

9756.4 
10239 
10732 
11237 
11753 
12281 
12819 
13368 
13928 
14500 
15082 
15676 
16281 
16897 
17524 
18163 
18811 
19472 
20143 
20826 
21519 
22224 
22940 
23667 
24405 
25155 
25915 
126686 

75.3 

192.4 

320.5 
459.9 
610.2 

771.7 
944.2 
1127.9 

1322.7 

1528.6 

1745.7 

1973.8 

2213.1 

2463.5 

2724.9 

2997.5 

3281.2 

3576.1 
3882.0 
4199.0 

4527.2 
4866.4 

5216.8 

5578.3 

5950.9 

6334.6 

6729.4 

7135.3 

7552.4 

7980.6 
8419.8 

8870.1 

9331.6 

9804.2 
10288 
10782 
11288 
11806 
12334 
12873 
13423 
13985 
14558 
15141 
15736 
16342 
16959 
17587 
18226 
18877 
19538 
20211 
20894 
21589 
22295 
23012 
23741 
24480 
25230 
25992 
26764 

86.5 

204.8 

334.0 

474.4 
625.fi 

788.4 
962.0 
1146.9 

1342.8 

1549.8 
1768.0 

1997.3 

2237.6 

2489.1 

2751.7 

3025.4 

3310.2 

3606.1 

3913.2 

4231.3 

4560.6 
4901.0 

5252.4 
5615.0 

5988.7 
6373.6 

6769.5 

7176.6 

7594.7 

8023.9 
M64.3 

8915.8 
9378.4 
9852.1 
10337 
10832 
11339 
11858 
12387 
12928 
13479 
14042 
14615 
15200 
15796 
16403 
17021 
17651 
18291 
18942 
19605 
20279 
20963 
21659 
22366 
23085 
23814 
24554 
25306 
26068 
126842 

97.9 

217.2 

347.5 
489.1 

641.6 

805.3 
980.0 

1166.0 

1363.0 

1571.2 
1790.4 
2020.8 

2262.3 
2514.9 
2778.6 

3053.4 

3339.3 

3636.4 

3944.5 

4263.8 

4594.1 

4935.6 

5288.2 

5661.9 

6026.7 

6412.6 

6809.7 

7217.8 

7637.1 

8067.5 

8508.9 

8961.5 

9425.2 
9900.1 
10386 
10882 
11391 
11910 
12441 
12982 
13535 
14099 
14673 
15259 
15856 
16465 
17084 
17714 
18356 
19008 
19672 
20347 
21032 
21730 
22438 
23157 
23888 
24629 
25381 
26145 
h6920 

7.41 

14.81 

22.22 

29.63 
37.04 

44.44 
51.85 

59.26 

66.67 
74.07 
81.48 
88.89 

96.30 

103.70 
111.11 

118.52 

125.93 

133.33 

140.74 

148.15 

155.56 

162.96 

170.37 

177.78 

185.19 

192.59 
200.00 

207.41 

214.81 
222.22 

229.63 
237.04 

244.44 
251.85 

259.26 

266.67 
274.07 
281.48 
288.89 

296.30 

303.70 
311.11 

318.52 

325.93 

333.33 

340.74 

348.15 

355.56 

362.96 

370.37 

377.78 

385.19 

392.59 
400.00 

407.41 

414.81 
422.22 
429.631 
437.04 

444.44 

4 

5 

a 

o 

1 

1 

P. P. 
7.41 

1 .74 

2 1.48 

3 2.22 

4 2.96 

5 3.70 

6 4.44 

7 5.19 

8 5.93 

9 6.67 

1 

a 

1 

i 

1 
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at the centerline of each station. The latter may be obtained by 
scaling the depth on a profile drawing or sighting on a graduated 
rod as from A to 5 in Fig. 6 (c). Side slopes of an earth excava¬ 
tion are usually about 45 degrees and the slope is given on the 
drawings as 1§ to 1, 1 to 1, etc., which means IJ foot horizontal 
to 1 foot vertical,” 1 foot horizontal to 1 foot vertical,” etc. 
See Fig. 6 (c). 

Tables 1 and 2 give the cubic yards of excavation per 100-foot 
stations for a 16-foot roadway and side slopes of 1 to 1 and 1J to 1, 
respectively. Tables 3 and 4 give the corresponding data on road¬ 
ways 28 feet wide. These tables are also applicable to the deter¬ 
mination of the volumes of fills, since the inverted cross^ction 
of a typical cut is the cross-section of a typical fill. 

Illustration: How many cubic yards of excavation are 
involved in the cut shown in Fig. 6 (a) if the roadway is 16 feet 
wide, the side slopes H to 1 and the centerline depth in feet at 
the various stations 100 feet apart as follows: a, 0.0; 6, 4.7; 
c, 10.4; d, 15.3; e, 14.7; /, 12.1; g, 6.2; ft, 1.2? 

Table 2 applies to the conditions of this problem. Taking 
the values from this table for the depths (or heights) corresponding 
to each station, we obtain the following total: 


Station 

Height Feet 

Cubic Yards per 100-Ft Station 

a 

0.0 

0.0 

b 

4.7 

401.2 

c 

10.4 

1217.2 

d 

15.3 

2207.2 

e 

14.7 

2071.6 

f 

12.1 

1530.4 

g 

6.2 

581.0 

h 

1.2 

79.1 



8087.7 cu. yd. (Ans.) 


This would be given in an estimate as 8100 cu. yd. 
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Borrow Pit Excavation. —When a fill of earth is to be made, 
the material is taken from what is called a ** borrow pit.'' It is 
often necessary to measure the amount of material which has 
been removed from such a pit, and since its shape is generally 
irregular, tables cannot be used and the average-end-area method 
is often applied. 

As in the case of the measurement of right-of-way excavations, 
the determination of the volume of a borrow pit requires the use 
of a base line and a determination of the profiles of the ground 
before and after excavation at right angles to and at regular 
intervals along the base line. Figure 8 shows the plan of a borrow 
pit with the base line and stations. In practice, the setting of the 
base lines and the measurement of the profiles is the work of a 



surveying party and this phase is beyond the scope of this book. 
We only propose to show how the volume of excavation is com¬ 
puted after the surveying notes have been made and plotted. 
For the sake of simplicity only a minimum number of cross-sec¬ 
tions will be used and each of these as elementary as possible. 

In Fig. 9 let dbc represent a profile of the original ground sur¬ 
face of a borrow pit at a point such as at Sta. 2 + 00 in Fig. 8, 
and let adec represent the final ground surface. The two form a 
cross-section. It will be noted that by referring the points in 
this figure to a reference line such as fh and dropping perpendicu¬ 
lars, a number of trapezoids are formed. From geometry we know 
that the area of trapezoid abgf is 


(.af + bg) 


xfg 
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1 

a __ 


■ 



■ 




f i g j h 

Fia. 9. 



Fia. 10. 
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We can similarly find the area of each of the other trapezoids in 
the figure by multiplying half the sum of the two sides by the 
base. Then, if we subtract the sum of the areas adif, deji, and 
echj, from the sum of the areas of abgf and bchg", it is obvious that 
the remainder will be the area sought, abced. This is the principle 
on which is based the method of computation described in the 
next paragraph. 

Figure 10 represents three cross-sections such as might be 
obtained from an excavation such as is shown in plan in Fig. 8. 
Each “ break ” in the ground level is represented by a point on 
the plotted cross-section. At each point the figure above the line 
is the distance from the base line (distances to the left are marked 
as — and those to the right as -f) while the figure below the line 
is the elevation above or below an arbitrarily selected grade 
(marked + if above and — if below). In this case the base line 
is represented by the right-hand margin. Beginning at any point, 
proceed clockwise around the figure multiplying each elevation 
by the distance for the point next in advance minus the distance 
for the preceding point, with due observance of algebraic signs. 
The algebraic sum of these products divided by 2 is the area. 


IiiLusTBATioN (Station 1 4- 00, Fig. 10) 


-f6.6[-43.8 - 
-|-6.7[-33.8 - 
-|-9.2[-20.8 - 
4-8.9[-22.3 - 
+5.3[-34.4 - 
-F3.4[-48.3 - 
+3.7[-53.9 - 


+ 

(-48.3)] = 29.7 
(-53.9)1 = 134.7 
(-43.8)1 = 211.6 
(-33.8)1 = 102.4 
(- 20 . 8)1 = 
(-22.3)1 = 
(-34.4)1 = 


72.1 
88.4 

72.2 


+ 478.4 - 232.7 
- 232.7 

2)2i^ 


122.8 sq. ft. 
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By carrying out a similar computation for the areas of the cross- 
sections at stations 2 + 00 and 3 + 00 we find that these are 
220.6 sq.ft, and 112.4 sq. ft. respectively. Then, by the average- 
end-area method, the volume is the product of the average of the 
areas of two adjacent cross-sections and the distance between 
them. In this case the distance between cross-sections is 100 feet. 
In actual practice these computations involve many cross-sections 
and they can be handled most conveniently in tabular form as 
follows: 


i 

Station 

Area, 

Square Feet 

Average 

Area, 

Square Feet 

Distance, 

Feet 

Volume, Cubic Feet 

1+00 

122.8 

171.7 

100 

17,170 

2+00 

220.6 

166.5 

100 

16,650 

3+00 

112.4 



27)33,820 





1,253 cu. yd. 





(Ans.) 


Planimeter Measurements.—If cross-sections are plotted on 
coordinate paper to a scale of 1 in. = 10 ft, then 1 sq.in. on the 
paper represents 100 sq.ft. An instrument known as a planimeter, 



Fig. 11. 


of which one fonn is shown in Fig. 11, is a convenient and fairly 
accurate device which may be used for measuring directly the 
areas plotted on paper. It consists of a point P which is held 








Fig. 12.—Footings. 
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stationary on the paper by a weight, a point F with which the out¬ 
line of an area to be measured is traced in a clockwise direction, 
and the wheel D which slides over the paper and records the area. 
With the vernier F, the area may be read to hundredths of a square 
inch. . 

In operating a planimeter, the instrument is set down on the 
paper with the point P well outside the figure to be measured. 



Then point F is moved to a starting point on the outline of the 
figure. Next, the reading on the wheel is taken and recorded. 
Then the handle above F is gripped lightly and the point moved 
slowly and uniformly along the outline in a clockwise direction 
until the original starting point is reached. With F remaining 
on the starting point, the reading on the wheel is again taken and 
recorded. The difference between the first and second readings 
is the area outlined in square inches. The area of the section is 
then converted to square feet by multiplying by the scale factor. 
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Dwelling Foundations.—The type of foundation selected for a 
structure depends on the weight of the structure and the allowable 
bearing capacity of the soil. In the case of ordinary dwellings, 
however, the weight of the building distributed over the founda¬ 
tion wall results in a unit pressure on the soil so low that no special 
treatment is necessary for adequate support. Of more concern 
in this case is the matter of even settlement to prevent cracks in 
walls and plaster. It is therefore a rather general practice to 
build a footing somewhat wider than the foundation wall as shown 
in Fig. 12. The use of steel rods at the bottom makes the footing 
act as a beam and results in better distribution of pressures. 

The foundation is staked out on the ground after the excava¬ 
tion has been completed. This consists of setting batter boards 
as shown in Fig. 13 and stretching lines between them when needed 
to align the walls. Here again a right angle formed by the lines 
can be checked by the method discussed on page 271. If a grade 
stake has been set by an instrument man and properly preserved, 
elevations may be checked by the use of a mason’s level as shown 
in Fig. 13. 

The footing, if concrete, may be poured directly into the exca¬ 
vation made for it without form work. It then serves the useful 
function of being a solid and level support for concrete forms which 
may be erected on it as shown in Fig. 14. 

Heavy Foundations.—Foundations which must carry heavy 
loads require careful attention to the bearing capacity of the soil. 
Safe bearing capacities in tons per square foot are: 


S^ft clay. 

Tons 

1 

Coarse sand. 

Tons 
. 4 

Wet sand. 

... 2 

Gravel. 

. 6 

Firm clay. 

... 2 

Soft rock. 

. 8 

Sand and clay, mixed or 

in 

Hardpan. 

. 10 

layers.. 

... 2 

Medium rock. 

. 16 

Fine, dry sand.. 

... 3 

Hard rock. 

. 40 


The unit soil pressure exerted by a foundation is computed by 
dividing the total weight by the bearing area. 
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Illustration: A building weighing 100 tons rests on a footing 
18 inches wide and of a total length of 84 feet. What is the unit 
soil pressure? 

Bearing area = 1.5 X 84 = 126 sq. ft. 

100 

Unit son pressure - — - 0.8 ton per ft. (Ane.) 

Illustration: A spread footing 8 feet square carries a colunm 
load of 55 tons. What is the unit soil pressure? 

Bearing area = 8 X 8 = 64 sq. ft. 

55 

Unit soil pressure = — = 0.86 ton per sq. ft. (Ans.) 

64 

Illustration: What area of bearing is required to support a 
load of 72 tons on gravel? 

The safe bearing on gravel is 6 tons per square foot. Then, 
required bearing area is 

72 

— = 12 sq. ft. (Ans.) 

6 

Illustration: What area of bearing is required for a load of 
536,000 pounds on firm clay? 

536,000 

Changing to tons, ^ = 268 tons 
2000 

Safe bearing on firm clay is 2 tons per square foot. Then, 
bearing area required is, 

^ = 134 sq. ft. (Ans.) 

Weights of Structures.—It is obvious from these illustrations 
that the determination of the weights of structures is a necessary 
preliminary to the determination of bearing pressures. Average 
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unit weights of building materials in pounds per cubic foot which 
may be used for this purpose, are, 


Material 


Weight of 

1 Cq. Fir. 


Brickwork.^. 120 

Concrete (stone). 144 

Concrete (cinder). 108 

Gypsum block. 48 

Hollow tile, wall bearing. 60 

Hollow tile, partition. 64 

Plaster, mortar. 96 

Granite, bluestone and marble. 168 

limestone. 166 

Sandstone. 144 

Oak. 48 

Southern Yellow Pine. 42 

Cypress, larch, short leaf yellow pine and 

tamarack. 36 

Douglas fir. Port Orford cedar, hemlock, red¬ 
wood, spruce, and white pine. 30 

Western cedar. 24 


A common building material omitted from this list is steel, 
which has a unit weight of 490 lb per cu ft. The reason for the 
omission is that its weight in structures is not estimated on a 
volume basis. The weight of each member is determined sepa¬ 
rately from the tables of weights per linear foot of structural steel 
which are found in such handbooks as the Carnegie Steel Com¬ 
pany's Pocket Companion, 

In estimating the weights of buildings and other structures for 
the purpose of determining bearing pressures, the quantity of 
each material must often be computed separately. This divided 
by the unit weight in the above table gives the total weight of 
that material. Particular attention must be paid to the distribu-- 
Hon of weights so that the computed bearing on a pedestal footing, 
for example, will represent only the load transmitted to that 
particular footing. 

The weight of walls, floors, roofs, partitions, and all permanent 
construction is called dead load. All other loads are variable 


















288 HANDBOOK OF APPLIED MATHEMATICS 

loads or live loads. live loads per square foot of floor should be 
figured with the following minimum values: 


, Live Load, 

Type of Structure Pounds per 

Square Foot 

Dwelling, apartment, hotel. 60 

Office building, first floor. 150 

“ ** , all floors above the first. 75 

School or place of instruction. 75 

Place of public assembly. 90 

Ordinary stores, light manufacturing, light storage. 120 

Warehouse, factory, heavy stores. 150 

Roofs with slope less than 20^, per area of roof. 50 

** “ “ more than 20®, per horizontal area. 30 


When computing bearing pressures, both the dead loads and 
the live loads must be taken into consideration in the following 
relation: For warehouses and factories, full dead and full live 
loads; for stores, light factories, churches, school houses, and 
places of public amusement or assembly, full dead and 75 percent 
of live loads; for office buildings, hotels, dwellings, apartment 
houses, full dead load and 60 percent of live load. 

Pile Foundations.—When a ground surface does not have 
sufficient bearing power to support a structure but is underlaid 
by a stratum of satisfactory material, it is common practice to 
support the structure on piles. Wooden piles should be sound 
straight timbers, not leas than six inches in diameter at the point 
or less than twelve inches at the butt. Piles are driven point 
downward by the successive blows of a hammer which is either 
permitted to fall a considerable distance or is actuated by steam 
pressure through short strokes. 

When piles are driven to rock or hardpan, that is, driven to 
refusal,'^ the safe sustaining power is that of the pile as a column, 
provided that the maximum load on any pile should not exceed 
20 tons. When a pile is not driven to refusal, its bearing capacity 
may be determined by the following formulas, known as the 
Engineering News formulas: 
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The safe load in pounds when a drop hammer is used is, 


when w = weight of hammer in pounds . 
h = fall of the hammer in feet 
8 = penetratioti in inches under the last blow 
p = safe load in pounds 

When a steam hammer is used, the following formula applies: 

2wh 

^ ~ s + 0.1 

Illustration: What is the safe bearing power of a pile which 
penetrates f inch under the last blow of a 3000-lb hammer drop¬ 
ping 20 feet? 

2wh 2 X 3000 X 20 

s+l“ f+1 

V — = 68,600 lb = 34.3 tons 


This exceeds the maximum allowable of 20 tons, so the pile cannot 
be counted on to carry more than 20 tons. (Ans.) 

Illustration: What is the safe bearing power of a pile which 
penetrates ^ inch under the last blow of a steam hammer with a 
weight of 4000 pounds and a stroke of 2^ feet? 


2wh 
s + 0,1 


2 X 4000 X 2.5 
0.5 + 0.1 


p = = 33^333 lb = 16.6 tons (Ans.) 

0.6 



IX 


CONCRETE 

Definitions.—The word “ concrete ” now generally refers to 
masonry material which is made from Portland cement, water, 
sand, and stone or gravel. Portland Cement is the product formed 
by pulverizing the clinker produced by heating to incipient fusion 
a properly proportioned mixture of silicious, argillaceous, and 
calcareous material. Water for concrete must be fresh water 
and free from injurious salts or organic material. Sand, for con¬ 
crete, also referred to as fine aggregate, must be graded, clean, and 
free from clay, loam, or organic impurities. The coarse aggregate 
is gravel or crushed rock. This should be made up of strong and 
unlaminated particles no larger in size than half the thickness of 
the thinnest section of concrete to be poured. 

Strength of Concrete.—In many concrete structures, the con¬ 
crete is called upon to carry a certain amount of load. In other 
structures such as dwelling foundations, strength is a secondary 
factor, but perviousness or water-tightness is an important con¬ 
sideration. Whether density or strength is desired, both are 
arrived at simultaneously by proper proportioning of the ingredi¬ 
ents of the mix. 

Field and laboratory experiments have determined that with 
concrete of a given plastic consistency (not so stiff as to be harsh 
and not soft enough to permit the aggregates to separate) the 
strength will depend upon the ratio of water to cement in the 
mixture; the smaUer this ratio, the stronger the resulting con¬ 
crete. For instance, where gallons per sack of cement would 
give a concrete with a strength of 3800 pounds per square inch in 
28 days, 6 gallons per sack of cement would result in only 2400 
pounds per square inch. The relation of strength to water- 
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Water—Gallons per Sack of Cement 

3,00 3.75 4.50 5.25 6.00 6.75 7.50 8.25 9.00 9.75 10.50 



X ~ Water—Ratio ( Water—Cement—Ratio) 

Fig. 1. —Effect of Quantity of Mixing Water on the Strength of Concrete. 

cement ratio is shown in Fig. 1 where “ Curve A represents the 
results to be expected with concrete made under rigid control, 
and Curve B when the concreting operations are not under 
rigid control. 



























































TABLE 1 

Bscommbndsd Watbr-Cbmbnt Ratios for Concrbtb to Meet Different 
Degress of Exposure 

These requirements are predicated on the use of concrete mixtures in which the cement 
meets the present standard specifications of the A. S. T. M. and to which an early curing is 
given that will be equivalent to that obtained when protected froni the loss of moisture for 
at least 10 days at a temperature of 70 deg. F. For curing conditions lees favorable than 
thisf correspondingly lower water-cement ratios should be used. The values are also based 
on the assumption that the concrete is of such consistency and is so placed that the space 
between the aggregate particles is completely filled with cement paste of the given water ratio. 


Class of 
structure 

Water-Cement Ratio, U. 

per Sack • 

S. Gallon 

Exposure 

Reinforced 
piles, thin 
walls, light 
structural 
members, 
exterior 
columns 
and beams 
in buildings 

Reinforced 
reservoirs, 
water tanks, 
pressure 
pipes, sewe/B, 
canal linings, 
dams of thin 
sections 

Heavy walls, 
piers, 

foundations, 
dams of 
heavy 
sections 

Extreme: 

1. In severe climates like in northern U. S., 
exposure to alternate wetting and drying, freez¬ 
ing and thawing, as at the water line in hydraulic 
structures. 

2. Exposure to sea and strong sulphate 
waters in both severe and moderate climates. 

6H 


6 

Severe: 

3. In severe climates like in northern U. S., 
exposure to rain and snow, and freezing and 
thawing, but not continuously in contact with 
water. 

4. In moderate climates like southern U. S., 
exposure to alternate wetting and drying, as at 
water line in hydraulic structures. 

6 

6 

en 

Moderate: 

5. In climates like southern U. S., exposure 
to ordinary weather, but not continuously in 
contact with water. 

6. Concrete completely submerged, but pro¬ 
tected from freezing. 

eh 

6 

7H 

Protected: 

7. Ordinary inclosed structural members; 
concrete below the ground and not subject to 
action of corrosive groundwaters or freezing and 
thawing. 

7H 

6 



* Surface water or moisture carried by the aggregate must be included as part of 
mixing water. 
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“ Strength of concrete ” without further qualification refers 
to the compressive strength of a specimen in pounds per square 
inch at an age of 28 days. The specimen may be obtained either 
by core-boring the structure or by casting in a cylindrical mold 
at the time the concrete is poured and subsequently storing the 
specimen under controlled conditions of temperature and humidity. 

In massive structu^ where weight and not strength is a factor, 
a concrete with a strength of only 2000 pounds per square inch 
may be satisfactory. In reinforced concrete, strengths of 3500- 
4000 pounds are more commonly used and in certain cases such as 
bridge piers subjected to high stress concentrations, a 5000- 
pound concrete may be used. 

Proportioning Concrete by Trial Batch Method.—If the pro¬ 
portion of water to cement governs the strength of concrete, it is 
evident that the chief function of the sand and gravel is to bulk 
the mass, and thus effect economy. This suggests a simple and 
practical method of proportioning concrete by mixing a small 
trial batch. It is done as follows; 

First decide what strength of concrete is wanted and select the 
water-cement ratio from Fig. 1. For the purposes of this example, 
let us assume that we want a 3000-pound concrete and that the 
control will not be rigid. Then, from Fig. 1 we find on the “ B ’* 
curve that 5.25 gallons of water per sack of cement will give a 
3000-pound strength. 

The materials needed for making the trial batch are: a large 
water-tight tray, a spade, cement, dry sand, dry gravel or stone, 
measures for measuring the volumes of the water, cement, sand 
and gravel. One-half bag of cement, 2 gallons and 5 pints of 
water, 1 cubic foot of sand, and 2 cubic feet of stone or gravel 
should be measured preparatoiy to beginning the test. Mix the 
water and the cement in the tray. This will have a thin soupy 
consistency. Then add small quantities of sand and gravel with 
constant mixing. If the mixture appears too harsh, add more 
sand; if it appears too sandy, add more stone. Eventually a 
mixture will be reached which looks and feels right and is suffi¬ 
ciently plastic for the particular job at hand. Measure the quan* 
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A concrete mixture in 
which there is not suffi¬ 
cient cement-sand mortar 
to fill spaces between 
pebbles; Such a mixture 
will be hard to work and 
will result in rough, 
honeycombed surfaces. 


A concrete mixture 
which contains correct 
amount of cement-sand 
mortar. With light trowel¬ 
ing all spaces between 
pebbles are filled with 
mortar; Note appearance 
on edges of pile; This is a 
good workable naixture 
and will give maximum 
yield of concrete with a 
given amount of cement. 


A concrete mixture in 
which there is an excess 
of cement-sand mortar. 
While such a mixture is 
plastic and workable and 
will produce smooth sur¬ 
faces, the 3 rield of con¬ 
crete will be low. Such 
concrete is also likely to 
be porous. 

Fig. 2. 
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titles of sand and stone remaining. Let us say for the purposes 
of this illustration that 0.14 cu. ft. sand and 0.54 cu. ft. of stone 
remained. One bag of cement is regarded as 1 cu. ft. Then 
the quantities of material which have been used are:. 

I cu. ft. cement ‘ 

1.00 — 0.14 = 0.86 cu. ft. sand 
2.00 — 0.54 == 1.46 cu. ft. stone 

Multiplying these quantities by 2 we obtain the following propor¬ 
tions of cement, sand and stone: 1 : 1.72 : 2.92. This is called 
the nominal mix. 

Sand, gravel or stone which have been stored in the open con¬ 
tain a certain amount of moisture. Not only must a correspond¬ 
ing amount of water be subtracted from that added to the mix, 
but the bulking or swelling of the aggregates due to the presence 
of the moisture must also be taken into account. Sands of certain 
gradation when moist and loose will bulk as much as 25 percent 
above their dry rodded volumes. The bulking may be determined 
by measuring the volume of a quantity of moist sand and again 
measuring its volume when it has been dried and tamped by rod- 
ding. The loss of volume divided by the dry volume and multi¬ 
plied by 100 is the percent bulking. The bulking of the gravel 
and stone may be determined by a similar procedure. 

Let us assume that a sample of sand similar to that used in the 
trial batch is measured moist and loose as it is to be used in the 
field and that its volume is 0.100 cu. ft. After drying its volume 
measures only 0.087 cu. ft. Then the 

percent bulking = X 100 16% to sand 

U.Uol 

A quantity of gravel similarly handled measured 0.50 cu. ft. 
when moist and 0.49 cu. ft. when dry. In this case the 

0.50 — 0.49 

percent bulking = , — X 100 = 2% for gravel 

U.4U 
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It is evident that the proportions obtained by the trial mij 
must be adjusted to take into account the swell of the materials 
so that the resulting proportions will be suitable for the aggregates 
in the condition in which they will actually be used. The proper* 
tion of sand must be increased 15% and that of the gravel 2%. 

Then, 1.72 X 0.15 + 1.72 = 1.98 

and 2.92 X 0.02 + 2.92 = 2.98 

The adjusted mix is now 1: 1.98 : 2.98 and this is called the field 
mix. For all practical purposes it may be regarded as a 1 : 2 : 3 
mix. 

There remains now the problem of accoimting for the moisture 
in the aggregates and subtracting this from the water to be added 
to the mix. If a sample of the sand weighs 8.62 pounds when 
moist and 8.13 pounds when dry its percent moisture is the loss of 
weight divided by the dry weight and multiplied by 100, thus, 

g g2_8 13 

percent moisture = _ ■ — X 100 = 6% 

8.13 

The nominal mix called for 1.72 cu ft of dry sand per sack of 
cement. If the sand weighs 106 pounds per cubic foot, the weight 
of the sand per sack of cement is 1.72 X 106 = 182 pounds. 
Six percent of 182 pounds is 182 X 0.06 = 11 pounds of water in 
the sand. 

If a sample of gravel weighs 23.75 pounds moist and 23.28 
pounds dry the 

23.75 - 23.28 ^ 

percent moisture =- - -X 100 = 2% 

23.28 

The nominal mix called for 2.92 cu ft of gravel. If this weighs 
130 pounds per cubic foot the weight is 2.92 X 130 = 380 pounds. 
Two percent of 380 pounds = pounds of water in the gravel. 

The total amount of water in the aggregates is 11 + 7^ = 18^ 
pounds per sdck of cement. Since water weighs 8^ pounds per 

18.5 

gallon, the water contained in the aggregates is —= 2.22 gal- 

8.33 
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Ions. The mix under consideration called for 5.25 gallons of 
water per sack of cement. If 2.22 gallons are contained in the 
aggregates, there remain only 5.25 — 2.22 = 3.03 gallons to be 
added. This may be regarded for all practical purposes as 
3 gallons. , 

Selection of Consistency.—Consistency relates to the fluidity 
of the concrete. Figure 3 illustrates three samples of concrete 
with consistencies varying from “ s^iff ” to “ wet.” It is impor¬ 
tant that the consistency be suited to the work to be done. Stiff 



Fig. 3. —Showing Stiff, Medium, and Wet Mixtures of Concrete. 

The stiff consistencv is recommended for footings* walls, and pavements. The medium 
mix is suitable for tank walls* floors* slabs* beams* etc. The wet mix is suitable for thin 
walls and columns. 

concrete is best suited for foundations, pavements, and massive 
walls. When poured into forms, it may require considerable 
spading to obtain smooth faces. Concrete of medium consistency 
is recommended for beams, slabs, and walls, where a smooth 
face and good bond with reinforcing steel is essential. A wet 
consistency should only be used in thin walls or columns or where 
the reinforcing is so heavy that spading is very difficult or impos¬ 
sible. 

Quantities of Aggregates Required per Cubic Yard of Con¬ 
crete.—If we mix one cubic foot of sand with one cubic foot of 
gravel, the result is not two cubic feet of mixed material. The 
sand goes into the interstices of the gravel and the resulting volume 
is something less than the sum of the separate volumes. The 
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ratio of the reduction in volume is called the “ shrinkage factor.” 
Over a considerable range of commonly used mixtures this factor 
is in the neighborhood of 0.86. In the case of our trial batch, 
the sum of the separate dry aggregates was 1.72 + 2.92 = 4.64 
cu ft. Multiplsring this by 0.86 we obtain 4.64 X 0.86 = 4 cu ft 
as the volume of the combined aggregates. The ratio of cement 
to combined aggregates, in this case 1 :4, is called the real mix 
or simply the mix. 

The amount of cement per cubic yard of finished concrete 



Mix — Volumes of Mixed Aggregate 
for each Volume of Cement 

^iG. 4.—Cement for One Cubic Yard of Finished Concrete. Values are Net 
Quantities with No Allowance for Waste. 

may be found from the curve in Fig. 4. In the case of the trial 
mix when the mix is 1 :4, the amount of cement per yard is about 
6.4. Then, 6.4 X 1.98 = 12.67 cu. ft. = 0.47 cu. yd. of loose 
damp sand per cubic yard of concrete and 6.4 X 2.98 = 19.07 
cu. ft. = 0.71 cu. yd. of loose damp gravel or stone per cubic 
yard of concrete. 

Mi-ring the Concrete.—Except for small quantities mixed by 
hand, practically all concrete is mixed in mixing drums of the 
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batch type. Portable mixers are usually provided with skips for 
charging the drum and one of the problems is that of measuring 
the aggregates to be dumped into the skip. In highway work a 
batching plant is often used and the properly proportioned aggre¬ 
gates are dumped into the skip from bp-tch boxes. In charging 
from open stock piles, the wheelbarrow serves the double purpose 
of conveying the material and measuring it at the same time. 
The ordinary wheelbarrow used in construction work holds two 
cubic feet when struck off and three cubic feet when heaped. If 
there is any doubt as to its capacity, a. wheelbarrow can readily be 
calibrated by filling it with sand from a box with 12 inches for 
each internal dimension. 

Assume that a half-yard mixer is to be charged in the propor¬ 
tions of 1 :2 :3 as evolved for the field mix of the trial batch. 
Since one-half cubic yard is 13^ cubic feet and the volume of the 
mixed aggregates per sack of cement is 4 cubic feet, this suggests 
that a 3-bag mix can conveniently be handled. This, then, calls 
for 3 X 3 = 9 gallons of water which is first let into the mixer 
from the measuring tank with which practically all mixers are 
provided, 3 sacks of cement, 3X2 = 6 cubic feet of sand or two 
heaped wheelbarrows, and 3X3 = 9 cubic feet of stone or three 
wheelbarrows. When the mixer has been charged with all of 
the aggregates, the mixing should proceed for at least a full 
minute before discharging. 

On construction projects with central mixing plants the aggre¬ 
gates are measured in hoppers which must be calibrated by com¬ 
puting the internal volumes if they are of the fixed type, or ad¬ 
justed according to the manufacturer's rating if they are of the 
patented automatic type. 

A mixer should not be charged with material in excess of its 
rated capacity. Not only does overloading prevent the aggre¬ 
gates from mixing properly, but rich mortar is apt to be lost by 
slopping out. There is the additional disadvantage that an over¬ 
loaded mixer may stall its driving engine and the mixer can then 
usually be started again only after most of its load has been 
laboriously shoveled out. 
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Placing Concrete.—Concrete should be deposited into a form 
at several points so that no appreciable flow results within the 
form. Such flow causes segregation of the materials and results 
in porous concrete. The concrete should not be allowed to fall 
more than a few feet into a form. It should be spaded the mini¬ 
mum amount necessary to make it flow around reinforcing bars 
and into corners of the form. If water accumulates in a form it 
should be drained off carefully so that cement will not be lost. 
A small hole drilled into the form may amply serve this purpose. 

Concreting operations should not be undertaken in freezing 
weather unless provision is made for heating the aggregates and 
for protecting the newly placed concrete from frost for seventy- 
two hours. 

Concrete will develop greater strength and wearing qualities 
if it is “ curedby being kept moist for a week or ten days after 
pouring. This may effectively be accomplished by covering with 
burlap and sprinkling or, in the case of pavements, by building 
earth dikes and permitting pools of water to stand on the concrete. 

Reference. —Extensive research on the proper proportioning of 
concrete has been carried out by the Portland Cement Association of 
Chicago. The conclusions have been written up in easily understandable 
form and published in a booklet entitled Design and Control of 
Concrete Mixtures. 
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BRICKWORK 

Uses of Brickwork.—^Brickwork is well adapted to many kinds 
of masonry construction and is used extensively in building walls, 
tunnel linings, small arches, culverts, street paving, sewers, etc. 
The convenience in handling and laying brick, in forming arches 
and “ rounding comers makes it particularly useful in these 
classes of constmetion. In fire-resisting qualities it is superior 
to most natural building stone and in general durability it has a 
high rating. 

Bond.—Bricks laid longitudinally in a wall are called stretchers. 
Bricks laid across the wall are called headers. (See Fig. 1.) 

The method of arrangement 
of the stretchers and headers in 
the same or adjacent courses of 
a wall is spoken of as the hand. 
Cost and appearance are the 
chief considerations in the selec¬ 
tion of style of bond. 

Common Bond .—^This consists 
of one course of headers to every 
four to six courses of stretchers. 
Local building codes usually spe¬ 
cify how many stretcher courses 
are permitted to each header 
course, but placing a header course at every sixth course is a safe 
rule. The header course may be either plain or ‘‘ Flemish.^^ 

English Bond .—This bond is composed of alternate courses of 
he|,ders and stretchers, the headers centering on the stretchers 
or the joints between them. This is considered the strongest 
bond. 



Fig. 1.—Method of lapping inside 
and outside header courses in 12" 
solid brick walls, common bond. 
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Flemish Bond ,—Each course is made up of alternate headers 
and stretchers. This bond gives a strong construction and a 
pleasing appearance. 

Types of Joints.—There are 
four types of joints commonly 
used in brickwork: (1) shoved 
joints, (2) grouted joints, (3) open 
joints, and (4) dry joints. 

Shoved Joints .—The brick is 
laid on a bed of mortar a little 
thicker than the finished joint 
will be. It is then pressed down¬ 
ward and sideways, the soft 
mortar rising and filling the 
vertical joints. This joint pro¬ 
duces strong and watertight 
masoniy. (See Fig. 3.) 

Grouted Joint .—The brick is 
laid on a level bed of mortar and 
the vertical joints are filled with mortar to which water has been 
added till it is of a ** soupy ” consistency. 
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Fip: 3.—Method of Forming Shoved Joints 
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Shoved and grouted joints constitute the two types of filled 
joints. This type construction is used in fire, party and division 
walls, also in chimneys and piers or walls designed to carry heavy 
loads. 

Open Joints ,—^This type of joint is often permitted above 
ground in dwelling construction. It is used principally with 
common bond and consists of laying the stretcher course on flat 
beds of mortar and leaving the middle vertical joint unfiilled. 
Each header course has, however, filled joints. 

Dry Joints ,—This consists of layirjg a course of bricks directly 
on top of the lower course with no mortar in between. It is some- 



Fia. 4.—Common Types of Joints, (a) Struck joint, (b) weathered joint, 
(c) flush or plain cut joint, (d) raked joint, (e) stripped joint, (f) joint, 
(g) concave joint. 

times used on the interior face of every sixth course in cheap com 
struction work, but its use is not recommended. 

Types of Exposed Joints ,—Exposed joints are finished in a 
variety of ways for aesthetic effect or structural strength. The 
various types of exposed joints are illustrated in Fig. 4. Some 
can be made with the trowel and others require special implements. 

Fireplaces.—A fireplace which will function with proper com¬ 
bustion of the fuel and the maximum radiation of heat lends itself 
readily to design based on proportions which experience has 
shown to be correct. The first consideration is the size of the 
opening. The width should not be too great for moderate size 
rooms. A living room with 300 square feet of floor space will be 
well served by a fireplace opening 30 to 36 inches wide. The 
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the sake of both proper draft and heat radiation. The upper 
part on all sides should slope in gently to the size of the throat. 
This slope should preferably be no greater than about 30 degrees 
from the vertical or to a ratio of approximately 3 inches horizontal 
to 5 inches vertical. The slope should start from a point a little 
less than halfway up from the hearth to the throat. Not only 
should the sides slope toward the center, but they should be splayed 
toward the back. The amount of splay, which gives the maximum 
radiation is about 5 inches for each 12 inches of depth. 

A smoke shelf is an essential part of a fireplace. This performs 
the function of deflecting upward the downward air currents in 
the chimney. A damper placed at the throat is a further aid to 
keep smoke from being blown back into the room. A combination 
metal throat and damper is on the market and is a valuable aid 
in fireplace construction. 

Flue Sizes for Fireplaces.—It is desirable to have a relatively 
high velocity of the gases through the throat of a fireplace. This 


TABLE 1 


Fireplace Dimensions 

Flue Sizes 

Width of 
opening, 
inches 

Approxi¬ 

mate 

height, 

inches 

Depth of 
opening, 
inches 

Rectangular 

Circular 

Outside 

dimensions, 

inches 

Effective 

area, 

square 

inches 

■1 

Effective 

area, 

square 

inches 

24 

28 

17—20 

mx8H 

41 

10 

78 

28 

28 

17—20 

8}^X13 

70 

10 

78 

30 

30 

17—21 

8J^X13 

70 

12 

113 

34 

30 

17—21 

8>^X13 

70 

12 


36 

30 

21 

8^X18 

97 

12 

113 

40 

30 

21—24 

8}^X18 

97 

15 

177 

42 

30 

21—25 

8HX18 

97 

15 

177 

48 

32 

21—26 

13 X13 

100 

15 

177 
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requires a flue of proper proportions. For a chimney 30 feet or 
more in height, the flue area should be about one-twelfth the area 
of the fireplace opening; where the chimney is 20 feet high or less, 
one-tenth the area is more desirable. In a flue of rectangular 
cross-section the gases travel up only in the center so that the 
effective area is considerably less than the cross-sectional area. 
Table 1 shows the sizes of flues required for various sizes of fire¬ 
places with proper reductions made to obtain effective area. 

Chinmey Construction.—A chimney should be built up from 
a footing in the basement. Not more than two flues should 
occupy the same chimney space. Where three or more flues are 
necessary, a 4-inch partition called a withe should be incorpo¬ 
rated. Every fireplace, stove, or furnace should have a separate 
flue. 

A chimney should extend at least three feet above the highest 
point at which it comes into contact with the roof and at least 
two feet higher than any ridge within ten feet of the chimney. 

The thickness of the chimney wall may be 4 inches when a 
flue lining of fire clay is used, but must be at least 8 inches thick 
with joints carefully pointed if no flue lining is used. 

Mortar for Brickwork.—The mortar used in brickwork may 
vary considerably depending upon the class of work. For instance, 
the National Board of Fire Underwriters^ Chimney Ordinance 
requires that chimney mortar be composed of two bags of Portland 
cement and one bag hydrated lime mixed dry and added to three 
times its volume of clean sharp sand, and mortar where a structure 
is exposed to a considerable amount of stress should be composed 
of one part Portland cement and two parts sand, while for most 
ordinary brickwork, one part fresh, well-slaked lime to 2^} to 3 parts 
sand will answer. Between these limits there are various mixtures 
of Portland cement, natural cement, common lime, and sand. 
Table 2 gives a few of these mixtures. 

Estimating Brickwork.—The standard size of a common brick 
is 8 in. X 2| in. X 3f in. and the most common thickness of 
joint is i inch. It is readily seen that the number of bricks in a 
wall depends on the thickness of the wall, the thickness of the 
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TABLE 2 


Cla49s 

Portland 

Cement 

Natural 

Cement 

Common 

Lime 

Clean, Sharp 
Sand 

A. 

1 



2 

Ai. 

1 



3 

Aj. 

1 



B.. 


1 


2 

Bi. 


1 


2H 

3 

B 2 . 


1 


c.. 



1 

2 

Cl. 



1 

2H 

3 

C 2 . 



1 

D. 

1 

1 


4 

Di. 

1 

1 


5 

Da. 

j 

1 


6 


Lime Paste 

E, etc. 

1 


1 

2 

F, etc. 

1 

1 

2 






Class A is used in superior building construction, for railroad masonry 
in general, tunnel lining and sewers; class E for building work of the highest 
class; class C for common brickwork as in buildings. 

joints and the type of the bond. Estimating the quantities for 
brickwork is greatly facihtated by the use of tables which are here 
reproduced by courtesy of the Common Brick Manufacturers 
Association. Table 4 gives the number of courses in brick walls 
of various heights. Table 3 gives the quantities of brick and 
mortar in footings, piers, and chimneys of various proportions. 
Table 6 gives the weights of soUd brick walls of various areas.' 
Table 6 gives the number of bricks in solid walls of various thick¬ 
nesses. Table 7 gives the quantities of material needed for the 
mortar. 
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Use of the Tables—^Estimating Problem.—^Figure 6 shows a 
simple brick dwelling with 12-inch walls resting on footings and 
reaching to the first fioor level. From the first floor to the roof 
the walls are 8 inches thick. The problem is to determine the 
approximate quantity of brick and mortar needed. Regard the 
remote sides of the house as having door and window openings 
equivalent to those shown. 

Since the footing is symmetrical about the center line of each 
wall, the actual length of the footing will be the sum of the dis¬ 
tances from center to center of each wall. Since the walls at the 
base are 12 inches thick, we can obtain the distances from center 



to center of each wall by subtracting 6 inches or § foot from each 
end. Then the length of the footing for the south side of the 
house is 32 — ^ — 5 = 31 feet. Similarly, the length of the 
west footing is 23 feet. The total length of footings all around 
the house is then 31 + 31 + 23 -f 23 = 108 feet. Referring to 
Table 3 we note that the quantities for footings are given in 
terms of 100 feet. In this example we have = 1.08 hundreds 
of feet. The quantities given in the table for footings for a 
12-inch wall are 2812 bricks and 48 cubic feet of mortar. We 
multiply these two figures by 1.08 and obtain 

2812 X 1.08 = 3037 bricks for the footings 
48 X 1.08 => 51.8 cubic feet of mortar for the footings. 
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TABLE 3 

Quantitibs of Bbick and Mobtab in Footings, Piebs, and Chimneys* 



PIERS ^ Quantities for 10 Ft Height 


^ 2'*Solid- 



^ Quantities are for 100-foot lengths of footing. 
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TABLE 6 

Avebaoh Weight op Solid Brick Walls 
Brick Assumed to Weigh 4H Ih. each. Joints Filled with Mortar 


Area in 
Square 
Feet 

4-In. 

Wall, 

Pounds 

8-In. 

Wall, 

Pounds 

12-In. 

Wall, 

Pounds 

1 

36.782 

78.808 

115.414 

10 

368 

788 

1,154 

20 

736 

1,576 

2,308 

30 

1,103 

2,364 

3,462 

40 

1,471 

3,162 

4,617 

60 

1,839 

3,940 

6,771 

60 

2,207 

4,728 

6,925 

70 

2,575 

6,517 

8,079 

80 

2,943 

6,305 

9,233 

90 

3,310 

7,093 

10,387 

100 

3,678 

7,881 

11,641 

200 

7,366 

15,762 

23,083 

300 

11,035 

23,642 

34,624 

400 

14,713 

31,623 

46,166 

500 

18,391 

39,404 

57,707 

600 

22,069 

47,285 

69,249 

700 

25,747 

55,166 

80,790 

800 

29,426 

63,046 

92,331 

900 

33,104 

70,927 

103,873 

1000 

36,782 

78,808 

115,414 
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TABLE 6 

Bricks and Mortar for Soud Walls in All Bonds 

Half-Inch Joints—All Joints FUJed with Mortar 


Square 

Feet 

Area 

of 

Wall 

1 

4-Inch Wall 

8-Inch Wall 

12-Inch Wall 

' . ===4 

16-Iiich Wall 

Square 

Feet 

Area 

of 

Wall 

Number 

of 

bricks 

Cubic 
feet of 
mortar 

Number 

of 

bricks 

Cubic 
feet of 
mortar 

Number 

of 

bricks 

Cubic 
feet of 
mortar 

Number 

of 

bricks 

Cubic 
feet of 
mortar 

1 

6.160 

0.076 

12.320 

0.195 

18.481 

0.314 

24.641 

0 433 

1 

10 

62 

1 

124 

2 

185 


247 

4H 

10 

20 

124 

2 

247 

4 

370 

6^2 

493 

9 

20 

30 

185 

2H 

370 

6 

555 

9Mi 

740 

13 

30 

40 

247 

3 3/2 

493 

8 

740 

13 

986 

17H 

40 

50 

309 

4 

617 

10 

925 

16 

1,233 

22 

50 

GO 

370 

5 

740 

12 

1,109 

19 

1,479 

20 

60 

70 

432 

53‘i 

863 

14 

1,294 

22 

1,725 

31 

70 

80 

493 

63 2 

986 

16 

1,479 

25 

1,972 

35 

80 

90 

556 

7 

1,109 

18 

1,664 

28 

2,218 

39 

90 

100 

617 

8 

1,233 

20 

1,849 

32 

2,465 

44 

100 

200 

1,233 

15 

2,465 

30 

3,697 

63 

4,929 

87 

200 

300 

1,849 

23 

3,697 

59 

5,545 

94 

7,393 

130 

300 

400 

2,465 

30 

4,929 

78 

7,393 

126 

9,857 

173 

400 

600 

3,081 

38 

6,161 

98 

9,241 

157 

12,321 

217 

500 

600 

3,697 

46 

7,393 

117 

11,089 

189 

14,786 

260 

600 

700 

4,313 

53 

8,625 

137 

12,937 

220 

17,250 

303 

700 

800 

4,929 

61 

9,857 

156 

i;-,786 

251 

19,714 

347 

800 

900 

5,645 

68 

11,089 

175 

16,634 

283 

22,178 

390 

900 

1,000 

6,161 

76 

12,321 

195 

18,482 

314 

24,642 

433 

1,000 

2,000 

12,321 

151 

24,642 

390 

36,963 

628 1 

49,284 

866 

2,000 

3,000 

18,482 

9 27 

36,963 

584 

55,444 

942 

73,926 

1299 

3,000 

4,000 

24,642 

302 

49,284 

779 

73,926 

1255 

98,567 

1732 

4,000 

6,000 

30,803 

377 

61,605 

973 

92,407 

1569 

123,209 

2165 

5,000 

6,000 

36,963 

453 

73,926 

1168 

110,888 

1883 

147,851 

2599 

6,000 

7,000 

43,124 

528 

86,247 

1363 

129,370 

2197 

172,493 

3032 

7,000 

8,000 

49,284 

604 

98,567 

1557 

147,851 

2511 

197,124 

3465 

8,000 

9,000 

55,444 

679 

110,888 

1752 

166,332 

2825 

221,776 

3898 

9,000 

10,000 

61,605 

755 

123,209 

1947 1 

184,813 

3139 

246,418 

4331 1 

10,000 
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The lengths of the basement walls may also be regarded as 
running from center to center of each wall. The total length of 
the basement wall is, then, also 108 feet. The height of the 
basement wall is 7 feet. The area of this wall is then 108 X 7 = 
756 square feet. Beferring to Table 6 we find that for a 12-inch 
wall the quantities are, 

for 700 sq. ft. = 12,937 bricks, 220 cu. ft. mortar 

for 50 sq. ft. = 925 bricks, 16 cu. ft. mortar 

for 6 sq. ft. = 6 X 1 = 111 bricks, 2 cu. ft. mortar 

cr a total for the basement wall of 13,973 bricks and 238 cubic 

feet mortar. 

Turning our attention now to 8-inch walls, we subtract only 

4 inches or one-third foot from each end to obtain the lengths of 
the sides from center to center of walls. The south wall is then 
32 — I — § = 31i feet long. The height of this wall is 18 feet. 
The area is 31^ X 18 = 564 square feet. From this figure must 
be subtracted the openings. There are four windows 3 feet by 

5 feet and a door 4 feet by 7 feet. The total area of the window 
space is 

3 X 5 X 4 = 60 sq. ft. 

Area of door = 4 X 7 = 28 sq. ft. 

Total area 88 sq. ft. 

The net area of the south wall is then 564 — 88 = 476 square feet. 
The north wall has a like area. 

The west and east 8-inch walls may be considered as consisting 
of a rectangle 23| feet by 18 feet in size and a 45-degree right 
triangle whose hypotenuse is 23$ feet long. The area of the 
rectangle is 23^ X 18 = 420 square feet. The areas of the window 
openings to be subtracted are 

3 X 5 X 2 = 30 sq. ft. 

2X2X2= 8 sq. ft. 

Total 38 sq. ft. 


and 



BRICKWORK 


315 


TABLE 7 


Quantitibb of Materials Required in Mortar 


Cubic 
Feet of 
Mortar 

Lime Mortar 

Cubic 

Feet 

Mortar 

1:23/2 1 

1:3 . 1 

1801b 

barrels 

lump 

lime 

50 lb 
sacks 

or hydrated 
lime 

Cubic 

yards 

sand 

180 lb 
barrels 
lump 
lime 

4 50 1b 

sacks 

or hydrated 
lime 

Cubic 

yard 

sand 

1 

1 0.067 

or 

0.350 

0.037 

1 0.1 

or 

0.3 

0.037 

1 

2 

.1 

or 

.7 

.1 


or 

.6 

.1 

2 

3 

.2 

or 

1.1 

.1 

.1 

or 

.9 

.1 

3 

4 

.2 

or 

1.4 

.1 

.2 

or 

1.2 

.1 

4 

6 

.3 

or 

1.8 

.2 

.2 

or 

1.5 

.2 

5 

6 

.3 

or 

2.1 

.2 

.3 

or 

1.8 

.2 

6 

7 

.4 

or 

2.5 

.3 

.3 

or 

2.0 

.3 

7 

8 

.6 

or 

2.8 

.3 

! -4 

or 

2.3 

.3 

8 

9 

.5 

or 

3.2 

.3 

.4 

or 

2.6 

3 

9 

10 

.6 

or 

3.5 

.4 

.5 

or 

2.9 

.4 

10 

11 

.7 

or 

3.9 

.4 

.5 

or 

3.2 

.4 

11 

12 

*7 

or 

4.2 

.4 

.6 

or 

3.5 

.4 

12 

13 

.7 

or 

4.6 

.5 

.6 

or 

3.8 

.5 

13 

14 

.8 

or 

4.9 

.5 

.7 

or 

4.1 

.5 

14 

15 

,9 

or 

5.3 

.6 

.7 

or 

4.4 

.6 

15 

16 

.9 

or 

5.6 

.6 

.8 

or 

4.7 

.6 

16 

17 

1.0 

or 

6.0 

.6 

.8 

or 

5.0 

.6 

17 

13 

1.0 

or 

6.3 

.7 

.9 

or 

5.3 

.7 

18 

19 

1.1 

or 

6.7 

.7 

.9 

or 

5.5 

.7 

19 

20 

1.1 

or 

7.0 

.7 

,9 

or 

5.8 

.7 

20 

27 

1.5 

or 

9.6 

1,0 

1.3 

or 

7.8 

1.0 

27 

30 

1.7 

or 

10.5 

1.1 

1.4 

or 

8.7 

1.1 

30 

40 

2.3 

or 

14,0 

1.5 

1.9 

or 

11.7 

1.5 

40 

60 

2.8 

or 

17.5 

1.9 

2.4 

or 

14.6 

1.9 

50 

60 

3.4 

or 

21.0 

2.2 

2.8 

or 

17.5 

2.2 

60 

70 

3.9 

or 

24.5 

2.6 

3.3 

or 

20.4 

2.6 

70 

80 

4.6 

or 

28,0 

3.0 

3.8 

or 

23.3 

3.0 

80 

00 

5.1 

or 

31.5 

3.3 

4.3 

or 

26.3 

3.3 

90 

100 

6 

or 

35 

4 

5 

or 

29 

4 

100 

200 

11 

or 

70 

7 

9 

or 

68 

7 

200 

300 

17 

or 

105 

11 

14 

or 

88 

11 

300 

400 

23 

or 

140 

15 

19 

or 

117 

15 

400 

500 

29 

or 

176 

19 

24 

or 

146 

19 

500 

600 

34 

or 

210 

22 

28 

or 

175 

22 

600 

700 

40 

or 245 

26 

33 

or 

204 

26 

700 

800 

46 

or 

280 

30 

38 

or 

233 

30 

800 

900 

61 

or 

315 

33 

43 

or 

263 

33 

900 

1000 

57 

or 

350 

37 

47 

or 292 

37 

1000 


Notbs. —Quantities of lime are based on the use of good quality lime. Lime quantities 
are approximate and will vary with the grade of lime and the sise of particles composing the 
sand. In the cement mortars. Mo of the cement by. weight is replaced by dry hydrated lime 
or its equivalent in lump lime paste. 
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TABLE 7 —Continued 


Cubic 

Feet 

Mortar 

1 Cement-Lime Mortar 

Cement Mortar 

Cubic 

Feet 

Mortar 


1 

: 1 


iimi 

1 : 2 

94 lbs 
net 
sacks 
cement 

180 1b 
barrels 
lump 
lime 

or 

50 lb 
sacks 
hydrated 
lime 

Cubic 

yards 

sand 

94 lb 
net 
sacks 
cement 

180 lb 
barrels 
lump 
lime 

50 lb 
sacks 

or hydrated 
lime 

Cubic 

yards 

sand 

1 

■Sf 

0.023 

or 

0.145 


■I 

■9 

or 

0.1 

0.1 

1 

2 

.4 

.1 

or 

.3 

.1 

■E 

■Bl 

or 

.2 

.1 

2 

3 

.5 

.1 

or 

.4 

.1 



or 

.3 

.1 

3 

4 

.7 

.1 

or 

.6 

.1 

1.8 

.1 

or 

.4 

.1 

4 

5 

.9 

.1 

or 

.7 

.2 


.1 

or 

.5 

.2 

5 

6 

1.1 

.1 

or 

.9 

.2 


.1 

or 

.6 

.2 

6 

7 

1.3 

.2 

or 


.3 

3.1 

.1 

or 

.6 

.2 

7 

S 

1.4 

.2 

or 

1.2 

.3 

3.5 

.1 

or 

.7 

.3 

8 

9 

1.0 

.2 

or 

1.3 

.3 

3.9 

.1 

or 

.8 

.3 

9 


1.8 

.2 

or 

1.5 

.4 

4.4 

.2 

or 

.9 

.3 

10 


2.0 

.3 

or 

1.6 

.4 

4.9 

.2 

or 

1.0 

.4 

11 

H3 

2.2 

.3 

or 

1.7 

.4 

5.3 

.2 

or 

1.1 

.4 

■a 

■a 

2.3 

.3 

or 

1.9 

.5 

5.7 

.2 

or 

1.2 

.4 

mam 

14 

2.5 

.3 

or 

2.0 

.5 

6.2 

.2 

or 

1.3 

.5 

■a 

15 

2.7 

.4 

or 

2.2 

.6 

6.6 

.2 

or 

1.4 

.5 

■a 

16 

2.9 

.4 

or 

2.3 

.6 

7.1 

.3 

or 

1.5 

.5 

16 

17 

3.1 

.4 

or 

2.5 

.6 

7.5 

.3 

or 

1.6 

.6 


18 

3.2 

.4 

or 

2.6 

.7 

8.0 

.3 

or 

1.7 

.6 


19 

3.4 

.5 

or 

2.8 

.7 

8.4 

.3 

or 

1.8 

.6 


20 

3.6 

.5 

or 


.7 

8.9 

.3 

or 

1.8 

.7 


27 

4.1 

.64 

or 

3.94 

1.0 

12.0 

.4 

or 

2.5 

.9 

27 

30 

5.4 

.7 

or 

4.4 

1.1 

13.3 

.5 

or 

2.8 

1.0 

30 

40 

7.2 

.9 

or 

5.8 

1.5 

17.7 

.7 

or 

3.7 

1.3 

40 

50 

9.0 

1.2 

or 

7.3 

J.9 

22.1 

.8 

or 

4.6 

1.7 

50 

60 

10.8 

1.4 

or 

8.8 

2.2 

26.6 

1.0 

or 

5.5 

2.1 

60 

70 

12.6 

1.7 

or 

10.2 

2.6 

31.0 

1.1 

or 

6.5 

2.4 

70 

80 

14.4 

1.9 

or 

11.7 

f 3.0 

35.4 

' 1.3 

or 

7.4 

2.8 

80 

90 

16.2 

2.1 

or 

13.1 

3.3 

39.8 

1.5 

or 

8.3 

3.1 

90 

100 

18 

2 

or 

15 

4 

44 

2 

or 

9 

3 

100 

200 

36 

5 

or 

29 

7 

88 

3 

or 

18 

7 


300 

54 

n 

or 

44 

11 

132 

5 

or 

28 

10 

300 

400 

72 

Bfl 

or 

58 

15 

177 

7 

or 

37 

14 

400 

500 

90 


or 

73 

19 

221 

8 

or 

46 

17 

500 

600 

108 


or 

88 


265 

10 

®r 

55 

21 

600 

700 

126 

17 

or 

102 

26 

310 

11 

or 

65 

24 

700 

800 

144 

19 

or 

117 

30 

354 

13 

or 

74 

28 

800 

900 

162 

21 

or 

131 

33 

398 

15 

or 

83 

31 

900 

1000 

180 

24 

or 

146 

37 

442 

16 

or 

92 

34 

1000 


Notes. —Quantities of lime are based on the use of good quality lime. Lime quantities 
are approximate and will vary with the grade of lime and the sise of particles composing 
the sand. In the cement mortars, Ho of the cement by weight is replaced by dry hydrated 
lime or its equivalent in lump lime paste. 
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TABLE 7—Concluded 




Cement Mortar 


Cubic 

Feet 

Mortar 

1 :3 

1 :4 

Cubic 

Feet 

Mortal 

94 1b 
net 
sacks 
cement 

180 lb 
barrels 
lump 
lime 

501b 

sacks 

or hydrated 
lime 

Cubic 

yards 

sand 

94 lb 
net 
sacks 
cement 

1801b 

barrels 

lump 

lime 

50 lb 
sacks 

or hydrated 
lime 

Cubic 

yards 

sand 

1 



or 

0.1 

0.1 

0.3 

0.1 

or 

0.1 

0.1 

1 

2 

Hi 

.1 

or 

.1 

.1 

.6 

.1 

or 

.1 

.1 

2 

3 

KB 

.1 

or 

.2 

.1 

.8 

.1 

or 

.2 

.1 

3 

4 

kk 

.1 

or 

.3 

•2 

1.1 

.1 

or 

.2 

.2 

4 

6 

1.7 

.1 

or 

.3 

.2 

1.3 

.1 

or 

.3 

.2 

5 

6 


.1 

or 

.4 

.2 

1.6 

.1 

or 

.3 

.2 

6 

7 


.1 

or 

.5 

.3 

1.8 

.1 

or 

.4 

.3 

7 

8 


.1 

or 

.6 

.3 

2.1 

.1 

or 

.4 

.3 

8 

9 

3.0 

.1 

or 

.6 

.3 

2.4 

.1 

or 

.5 

.4 

9 

10 

3.3 

,1 

or 

.7 

.4 

2.6 

.1 

or 

.6 

.4 

10 

11 

3.6 

.1 

or 

.8 

.4 

2.9 

.1 

or 

.6 

.6 

11 

ma 

4.0 

.1 

or 

.8 

.5 

3.2 

.1 

or 

.7 

.6 

12 


4.3 

.2 

or 

.9 

.5 

3.4 

.1 

or 

.7 

.5 

13 

■a 

4.6 

.2 

or 


.5 

3.7 

.1 

or 

.8 

.6 

14 


5.0 

.2 

or 

1,0 

.6 

4.0 

.2 

or 

.8 

.6 

15 

16 

6.3 

.2 

or 

1.1 

.6 

4.2 

.2 

or 

.9 

.7 

16 

17 

6.6 

.2 

or 

1.2 

.7 

4.6 

.2 

or 

.9 

.7 

17 

18 

6.0 

.2 

or 

1.2 

.7 

4.8 

.2 

or 

1.0 

.7 

18 

19 

6.3 

.2 

or 

1.3 

.7 

5.0 

.2 

or 

1.0 

.8 

19 

20 

6.6 

.2 

or 

1,4 

.8 

6.3 

.2 

or 

1.1 

.8 

20 

27 

8.9 

.3 

or 

1.9 

1.1 

7.1 

.3 

or 

1.5 

1.1 

27 

30 

9.9 

.4 

or 

2.1 

1.2 

7.9 

.3 

or 

1.7 

1.2 

30 

40 

13.2 

.5 

or 

2.8 

1.6 

10.6 

.4 

or 

2.2 

1.6 

40 

60 

IQ. 6 

.6 

or 

3.5 

1.9 

13.2 

.5 

or 

2.8 

2.1 

50 

60 

19.8 

,7 

or 

4.1 

2.3 

15.8 

.6 

or 

3.3 

2.5 

60 

70 

23.1 

.9 

or 

4,8 

2.7 

18.5 

.7 

or 

3.9 

2.9 

70 

80 

26.4 

1.0 

or 

6.5 

3. . 

21.1 

.8 

or 

4.4 

3.3 

80 

90 

29.8 

1.1 

or 

6.2 

3.5 

23,8 

.9 

or 

5.0 

3.7 

90 

100 

33 

1.2 

or 

7 

4 

26 

1 

or 

6 i 

4 

100 

200 

66 

2 

or 

14 

8 

53 

2 

or 

11 

8 

200 

300 

99 

4 

or 

21 

12 

79 

3 

or 

17 

12 

300 

400 

132 

5 

or 

28 

16 

106 

4 

or 

22 

16 

400 

500 

165 

6 

or 

35 

19 

132 

5 

or 

28 

21 

500 

600 

198 

7 

or 

41 

23 

158 i 

6 

or 

33 

25 

600 

700 

231 

9 

or 

48 

27 

184 

7 

or 

39 

29 

700 

800 

265 

10 

or 

65 

31 

211 

8 

or 

44 

33 

800 

900 

298 

11 

or 

62 

35 

238 

9 

or 

50 

37 

900 

1000 

331 

12 

or 

69 

39 

264 

10 

or 

65 

41 

1000 


Notsb. —Quantities of lime are based on the use of good quality lime. Lime quantities 
are approximate and will vary with the grade of lime and the sise of particles composing the 
sand. In the cement mortars. Ho of the cement by weight is replac^ by dry hydrated lime 
or its equivalent in lump lime paste. 
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This makes the net area of the rectangle 420 — 38 ==> 382 square 
feet. 

In a 45-degree right triangle the sides bear a relation to the 
hypotenuse of 1: v^* Idi the case of the wall we know the hypot¬ 
enuse to be 23^ or 23.33 feet. Letting L represent the sloping 
side, we may set up the proportion, 


L ^ J_ 
23.33 V2 


Transposing, 


23.33 23.33 

V2 " 1.414 


16.50 ft 


The area of the triangle is 


16.5 X 16.5 
2 


136 sq ft 



Fig. 7. 


This makes the area of each end wall 136 -F 382 = 518 sq. ft. 

We are now ready to add the areas of all the 8-inch walls: 

South wall = 476 sq. ft. 

North wall = 476 sq. ft. 

East wall = 518 sq. ft. 

West wall = 518 sq. ft. 

Total area 1988 sq. ft. 

Turning again to Table 6, but this time to the column for the 
8-inch wall, we obtain the following quantities; 

for 1000 sq. ft. = 12,321 bricks 195 cu. ft. mortar 

900 sq. ft. = 11,089 bricks 175 cu. ft. mortar 

80 sq. ft. = 988 bricks 16 cu. ft. mortar 

8 sq. ft. = 99 bricks 1.6 cu. ft. mortar 

The totals for 8-inch wall are 24,495 bricks; 387.6 cu. ft. mortar. 
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This leaves only the chimney to be estimated. It will be noted 
that Table 4 gives the quantities for chimneys by 10-foot heights. 
Since the chimney in this problem is 37 feet high it is 3.7 10-foot 
lengths. The unit quantities given in the table for a chimney 
1 foot 5 inches by 2 feet 10 inches in cross-feection are 367 bricks and 
6^ cubic feet mortar. Multiplying these quantities by 3.7 we 
obtain, 

367 X 3.7 = 1358 bricks for chimney 

6.5 X 3.7 = 24.0 cu. ft. of mortar for chimney 

It remains only to make a recapitulation of all the quantities. 



Bricks 

Mortar 

Footings. 

3,037 

51.8 

12-in walls. 

13,973 

238.0 

8-in walls. 

.... 24,495 

387.6 

Chimney. 

1,358 

24.0 

Totals. 

.... 42,863 

701.4 


With the quantity of mortar known, the amount of cement, 
lime, and sand required can readily be found from Table 7. 

Reference.—Tables 3 to 7 of this chapter are published through the 
courtesy of the Common Brick Manufacturers^ Association. This asso¬ 
ciation has available for distribution data on all kinds of brick con¬ 
struction. 
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CARPENTRY AND BUILDING 

Carpentry finds its greatest expression in house building, and 
while this is one of the oldest of the arts, its basic principles have 
changed but little with the passing of time. It has not sdelded 
to mass production in common with manufacture, and hence 
standardization has resulted in only minor details. A man may 
build a house long or short, high or low, square or circular as his 
fancy dictates. For this reason practically every house built has 
its series of individual problems. Not all of these are fully 
solved when the building plans or working drawings reach the 
building foreman or the estimator. He must be able to interpret 
the plans in their proper light and independently find the missing 
information by computation or estimation. 

The object of this section is to show how these computations 
are made and how estimates of material are arrived at. After 
a general discussion of board measure, it takes up house framing 
and surface covering, including walls, floors and roofs, all of 
which may be classified as rough carpentry. Interior trim and 
millwork, which may be called finish carpentry, does not present 
many problems in which mathematics is helpful. 

Board Measure.—Lumber is measured in terms of board fed, 
abbreviated fbm (feet board measure). A board 12 inches wide, 
12 inches long, and one inch thick contains one board foot of lum¬ 
ber. Similarly, a board 6 inches wide, 24 inches long, and 1 inch 
thick is also one board foot. The rule for determining the number 
of board feet in a piece of lumber may then be stated: MvUiply 
the length in feet by the, width in inches and the thickness in inches 
(I inch or over) and divide the product by twelve. Stated as a 
formula, this is, 
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TABLE 1 


Boako Measitke 



Length in feet 

Size 




18 

B 

22 

24 

26 


Square feet 

IX 8 

8 

9V^ 

10^ 

12 • 

13% 

1484 

16 

17% 

ixio 

lO 


I3%j 

IS 

16% 

18% 

20 

21% 

IXI2 

12 

14 

16 ] 


20 

22 

24 

26 

1X14 

14 

i6h 

18^ 


23% 

25% 

28 

30% 

IXI6 

i6 

im 

21% 

24 

26% 

29% 

32 

34% 

2X 3 

6 

7 

8 

9 

10 

11 

12 

13 

2X 4 

8 

9H 

10*4 

12 

13% 

14% 

16 

17% 

2X 6 

12 

14 

16 

18 

20 

22 

24 

26 

2X 8 

i6 

18^ 

21% 

24 

26% 

29% 

32 

34% 

2X10 

20 


26% 

30 

33% 

36% 

40 

43% 

2X12 

24 

28 

32 

36 

40 

44 

48 

52 

2X14 

28 

32% 

37% 

42 

46% 

51% 

56 

60% 

2Xi6 

32 

37H 

42% 

48 

53% 

58% 

i 64 

69% 

3X 4 

12 

14 

16 

18 

20 

22 

24 

26 

3X 6 

i8 

21 

24 

27 

30 

33 

i 36 

39 

3X 8 

24 

28 

32 

36 

40 

44 

1 48 

52 

3X10 

30 

35 

40 

45 

SO 

55 

1 60 

65 

3Xi2 

36 

42 

48 

54 

60 

66 

72 

78 

3X14 

42 

49 

S6 

63 

70 

77 

84 

91 

3 Xi 6 

48 

56 

64 

72 

80 

88 

96 

104 

4X 4 

i6 

18% 

21% 

24 

26% 

'29% 

32 

34% 

4X 6 

24 

28 

32 

36 

40 

44 

48 

52 

4X 8 

32 

37V^ 

42% 

48 

53% 

58% 

64 

69% 

4X10 

40 

46% 

53% 

60 

6684 

73% 

80 

86% 

4X12 

48 

S6 

64 

72 

80 

88 

96 

104 

4X14 

56 

65H 

74% 

84 

93% 

102% 

112 

121% 

4Xi6 

64 

74% 

8s% 

96 

106% 

117% 

128 

138% 

6X 6 

36 

42 

48 

54 

60 

66 

72 

78 

6X 8 

48 

56 

64 

72 

80 

88 

96 

104 

6X10 

6o 

70 

80 

90 

100 

no 

120 

130 

6X12 

72 

84 

96 

Z08 

120 

132 

144 

156 

6X14 

84 

98 

112 

126 

140 

IS4 

168 

182 

6xi6 

96 

I12 

128 

144 

160 

176 

192 

208 

8X 8 

64 

74% 

85% 

96 

106% 

117% 

128 

138% 

8X10 

8o 

93% 

106% 

120 

133% 

146% 

160 

173% 

8X12 

96 

I12 

128 

144 

160 

176 

192 

208 

8X14 

112 

130% 

149% 

168 

186% 

205% 

224 

242% 

8Xi6 

128 

149% 

170% 

192 

213% 

234% 

256 

277% 

20X10 

lOO 

116% 

133% 

ISO 

166% 

183% 

200 

216% 

20X12 

120 

140 

160 

x8o 

200 

220 

240 

260 

(10X14 

140 

163% 

186% 

210 

233% 

256% 

280 

303% 

ZoXl6 

i6o 

186^ 

213% 

240 

266% 

293% 

320 

346% 

C2X12 

144 

168 

192 

216 

240 

264 

288 

312 . 

12X14 

i68 

196 

224 

252 

280 

308 

336 

364 

Z2 Xi 6 

192 

224 

256 

288 

320 

352 

384 

416 

24X14 

196 

228% 

261% 

294 

326% 

359% 

392 

424% 

''4X16 

224 

261% 

298% 

3j6 

373% 

410% 

448 

485% 

i6xt6 

256 

298% 

341% 

384 

42684 

469% 

512 

554% 





322 HANDBOOK OF APPLIED MATHEMATICS 


TABLE 1 


Board Measure — {Continued) 


SUse 

Lengtli in feet 

38 

30 

33 

34 

36 

38 

40 

Square feet 

XX 8 

im 

30 

2 x 34 

2294 

24 

2534 

2694 

IXIO 


35 

2634 

2834 

30 

3194 

3334 

IX IS 

38 

30 

33 

34 

36 

38 

40 

XX 14 

32 ^ 

35 

3734 

3934 

42 

4434 

46H 

ixi6 

37^6 

40 

42H 

4534 

48 

5094 

5334 

2X 3 

14 

15 

16 

17 

18 

19 

30 

2 X 4 

X8H 

20 

2134 

2294 

24 

2534 

3694 

2 X 6 

38 

30 

32 

34 

36 

38 

40 

ax 8 

37 H 

40 

4234 

4534 

48 

So 94 

53 V 4 

3 X 10 

46W 

SO 

5334 

5694 

60 

6334 

6694 

3 X 12 

56 

60 

64 

68 

72 

76 

80 

3 X 14 

6sVi 

70 

72?4 

7934 

84 

8894 

9334 

axi6 

74 H 

80 

8534 

9094 

96 

10 x 34 

X06H 

3 X 4 

38 

30 

32 

34 

36 

38 

40 

3X 6 

43 

45 

48 

SI 

54 

57 

fo 

4X 8 

S6 

io 

64 

68 

72 

76 

80 

• 3 X 10 

70 

75 

80 

8S 

90 

95 

xoo 

3 X 13 

84 

90 

96 

103 

108 

114 

xao 

3 X 14 

98 

los 

113 

119 

126 

133 

140 

3 Xl 6 

113 

120 

128 

136 

144 

152 

x6o 

4X 4 

37 H 

40 

4234 

4534 

48 

So 94 

5334 

4 X 6 

56 

to 

64 

68 

72 

76 

80 

4X 8 

74 ?^ 

80 

8sM 

9094 

96 

ioi 34 

xo 694 

4X10 

93 H 

xoo 

io 6?4 

11334 

120 

12694 

13334 

4X12 

113 

130 

138 

136 

144 

152 

x6o 

4 X 14 

X 30?4 

140 

14934 

15894 

x68 

17734 

18694 

4Xi6 

i 49 Vi 

ifo 

170^4 

18134 

193 

20294 

2x334 

6X 6 

84 

90 

96 

103 

X08 

114 

xao 

6x 8 

113 

120 

128 


144 

152 

160 

6X10 

140 j 

150 

x6o 

170 

x8o 

190 

300 

6X12 

x68 

180 

19a 

304 

216 

228 

340 

6 X 14 

196 

310 

224 

238 

352 

266 

280 

6xx6 

'224 

340 

256 

372 

288 

304 

320 

8X 8 

149H 

160 

170^4 

I8I34 

193 

20394 

21334 

8X10 

18634 

300 

21334 

2a6H 

240 

25334 

26694 

8 X 13 

224 

340 

256 

272 

288 

304 

320 

8 X 14 

26iH 

280 

298?4 

31734 

336 

35494 

37334 

8xi6 

39834 

330 

34 x 34 

36294 

384 

40534 

426H 

lOXlO 

233 V 4 

250 

26634 

28334 

300 

31694 

33334 

10 X 12 

380 

300 

320 

340 

360 

380 

400- 

;ioXi 4 

33634 

350 

37334 

39694 

410 

44334 

46694 

loXl6 

373 ^ 

400 

I 426% 

45334 

480 

50694 

53334 

13 X 12 

336 

360 

384 

408 

432 

456 

480 

I 3 XI 4 

392 

430 

448 

476 

504 

532 

560 

I 3 Xx 6 

448 

480 

513 

544 

1 576 

608 

640 

14 X 14 

457W 

490 

533 f 4 

55534 

588 

62094 

65334 

X4Xi6 

53334 

560 

59734 

634H 

673 

70934 

74694 

l6Xl6 

59734 

640 

68394 

73534 

768 

810H 

85334 


Note. —.By simply multiplying or dividing the above amounts, the number of 
feet conuined in other dimmirioni can be obtained. 
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fbm 


LXwXt 

12 


where L = length in feet; 
w — width in inches; 
t = thickness in inches. 


Illus'^i^tion: What is the board 
measure of a timber 10 inches by 10 inches and 14 feet long? 


fbm 


L X w X t 
12 


14 X 10 X 10 
12 


116.7 fbm (Ans.) 


Lumber is measured on the basis of “ rough stock.” When 
lumber is “ dressed ” or planed, J inch is taken off each side if the 
lumber is 1^ inches or greater in thickness, and tr inch if the 
thickness is less than 1| inches. The purchaser pays, however, 
on the basis of its measurement before planing. 

Thicknesses less than one inch are regarded as one inch in 
measuring lumber. 

In measuring width of boards, fractions of an inch, one-half 
or greater are regarded as a whole inch, while fractions less than 
one-half inch are ignored. For example, a board 4f inches or 
4f inches wide would be called 5 inches, while a board 4| inches 
wide would be measured as but 4 inches. 

Building lumber is sold in standard lengths which are multiples 
of two feet from 10 to 24 feet, that is 10, 12, 14, etc. feet. 

Lumber dealt with in large quantities is measured and sold by 
the thousand board feet (Mfbm). Board feet are changed to 
thousand, board feet by simply shifting the decimal point three 
places to the left. Thus, 28,500 fbm = 28.6 M fbm. 

Illustration: How many thousand board feet are there in 
1200 pieces 2 inches X 4 inches and 18 feet long? 


fbm (one piece) 


L Xw Xt 
12 


18 X 4 X 2 
12 


= 12 fbm 


1200 X 12 = 14,400 fbm = 14.4 M fbm (Ans.) 
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House Framing.—The details of frame dwelling construction 
have been so well standardized by building codes and convention 
that it is entirely feasible to make fairly accurate estimates of the 
quantities of material required from the general dimensions of the 
structure. In preparing orders for material for a building, it is 
well to bear in mind that the use of standard sizes is most econom¬ 
ical and that a further saving is often effected by them in the 
elimination of unnecessary sawing and handling. When listing 
lumber, it is common practice to give the number of pieces first, 
then the width and thickness in inches and the length in feet or 
feet and inches. Thus, 24 pieces 2 X 4 in. by 16 ft 0 in. 

This section will concern itself with a few typical details repre¬ 
senting accepted standard practice. Figure 2 shows a comer of 
what is known as balloon frame constructionand illustrates 
the terminology used in house framing and the general location 
of the various members. The following paragraphs will proceed 
to deal with the details separately. 

Sills.—The first carpentry on a frame building usually begins 
after the completion of the foundation and consists of laying the 

sill. The sill may be either a solid 
timber, as a 4 in. by 6 in., or 4 in. by 
8 in., or may be built up as from two 2 
in. by 6 in., or 3 in. X 6 in. planks. 
The sill should be placed about an inch 
from the outer edge of the foundation, 
and should be bedded in mortar to se¬ 
cure even bearing and be securely 
anchored to the masonry. Joints at 
the comers are made by halving the 
sills as shown for both types in Fig. 3. 
The length of sill required is, for 
practical purposes, the sum of the lengths of the outside walls, or 
the girth, plus an allowance of six inches in each length for spUces. 
This will, of course, result in one-foot splices. 

Illustration: If 4-inch by 6-inch timbers are to be used for 
the sills in the building shown in plan in Fig. 4, how many board 



Haloing of SH/s at Corner 
Fig. 3. 
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footings Supporting Wooden Posts 
and Columns Should Extent above 
the finish Floor. Each End of Such 
Post or Column Should be Given Two 
Brushypplications of Hot Befined 
Creosote to Prevent Decay* 
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feet will be required and what lengths of pieces can be used 
advantageously? 

The girth of the building is, in round figures, 35 + 35 + 32 + 
32 = 134 feet. One joint at about the middle of each wall will 
obviously be needed. This will add one-half foot to each of eight 
timbers, making the total length 134 4 = 138 feet. This 

allows nothing for waste and assumes that commercial lengths 
will fit. 

Turning our attention to specific lengtlis of timbers needed 
for the house, we note that for the front and back, two timbers each 
'¥■ + i = 18 feet long will fit each of these walls without waste, 
or a total of 4 18-foot timbers. On the sides, -h 5 = 16J feet, 
but the next larger commercial length is 18 feet. However, one 
18-foot piece and one 16-foot piece will take care of each side 
nicely with a total waste of only about 2 feet. The bill of material 
for the sill would then read: 


6 pieces 4 by 6 in. 18 ft long 1 .. . 

2 pieces 4 by 6 in. 14 ft long J ' 

The original estimate of 138 linear feet must now be revised 
by the addition of 2 feet to make a total of 140 feet. Converting 
this to board feet we obtain. 


fbm 


LXw Xt 
12 


140 X 6 X 4 
12 


= 280 fbm 


Floor Joists.—Floor joists form the support for the floor, as 
their name implies, and, in the case of those for the first floor, 
rest on edge on the sills. The joists may be an 3 rwhere from 2 in. 
by 6 in. to 3 in. by 14 in. in cross-section depending on the load, 
the span, and the extreme bending stress allowed by the building 
code for the kind and grade of lumber used. These factors also 
determine the spacing, which may be 12 in., 16 in., 20 in., or 24 in. 
center to center. Sixteen-inch spacing is the most common in 
dwelling construction because it conveniently connects up with 
the favored spacing of studding. 
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In the case of narrow buildings, joists span the entire width 
and rest on the side sills. In larger buildings where the span 
would be too great the joists have one end resting on wall sills 
and the other on girders supported by columns aS shown in Fig. 4. 



Jolata Lapped on Top 
of Girder 

Fig. 5. 


Joists Hung on Girder 
with iron Stirrups 

Fig. 6. 


When sufficient basement headroom is available, they can be 
made to lap over the girder as shown in Fig. 6. This makes for 
a minimum amount of sawing since it is not material how far 
the end of the joist extends beyond the bearing on the girder. 



Girder Construction to 
Equalize Shrinkage 
Braced d l/Vestern Frame 

Fig. 7. 



Sill Construction 
Balloon Frame 


Figures 6 and 7 show other girder connections which require less 
headroom. 

At the wall bearing end, joists may either rest directly on the 
sills as shown in Fig. 8, or may be dapped a small amount as 
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shown in Fig. 9 to bring their top surfaces to an absolutely level 
plane. 

Under partitions and around floor openings, heavier members 
than the regular joists are required. These are called trimmer 
beams, but the required reinforcement is often accomplished by 
using double joists as shown in Fig. 4. The members around 

openings which are placed transverse 
to the direction of the joists are called 
headers, and these, too, are often made 
up of double joist timbers. 

When a joLst spacing of twelve 
inches is used, the number of joists 
required will be equal to the length 
of the opening in feet plus one, plus 
one for each point at which the joists 
are doubled. 

Illustration: A building with a 
floor space 17 feet wide and 60 feet long is to have joists spaced 
12 inches center to center spanning the width. How many joists 
will be required for a floor if there are no floor openings but eight 
partitions to be supported? 

Joists required = length in feet + 1 + number of partitions 

Joists required = 60 + 1 + 8 = 69 (Ans.) 

The number of joists required when the spacing is 16 inches 
may be estimated by multiplying the distance of the opening 
across the joists in feet by f, adding 1 and adding further 1 for 
each doubling of joists. 

Illustration: A floor 20 feet wide by 32 feet long is to have 
joists spaced 16 inches center to center transverse to the length 
of the house. How many joists will be required, if there are six 
points at which they must be doubled up? 

Joists required = length in feet X f .+ 1 + no. of doublings 
Joists required = 32Xf + l + 6 = 24 + 7 = 31 (Ans.) 



Fig. 9. 
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Another method of estimating the number of floor joists is, of 
course, to count them from the plans. Thus in Fig. 4 it is an 
easy matter to determine that the equivalent of some 60 long 
joists will be required, with a slight addition for headers, and 
24 short joists for the porch floor. 

Floor joists are given lateral support by cross bridging consist¬ 
ing of 1| in. by 3 in, pieces nailed as shown in Fig. 10 in rows not 
more than 8 feet apart or from the supporting wall. 

Studding.—The vertical members of the walls and partitions 
of a frame dwelling are called siuds. These usually consist of 
2 in. by 4 in. pieces of lumber spaced 16 inches center to center. 
In the outside walls they may be continuous from the sill to the 



Cross-Bridging 
Fig. 10, 



roof plate as shown in Fig. 2, or they may terminate at the ceiling 
level and be capped by a plate or girt as shown in Fig. 11. Stud¬ 
ding is doubled around openings and at corners although the con¬ 
struction at comers shown in Figs. 2 and 12 gives more convenient 
naihng surfaces for the lath. Studding is braced at the midpoint 
between floor and ceiling either by straight diagonal bridging 
or by herringbone bracing as shown in Fig. 2. 

Studding spaced 16 inches center to center may be estimated 
by multiplying the lineal lengths of the walls and partitions by 
i and adding one for each corner and opening. However, the 
more common and sufficiently accurate practice is to estimate 
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one stud per lineal foot of walls and partitions, the surplus being 
sufficient for doubling at comers and openings. 



Fia. 12. Fig. 13. 


Illusteation: The floor plan shown in Fig. 13 is the first 
floor plan of the same building as shown in Fig. 4. Estimate the 
approximate number of studs needed for the walls and partitions 
of this floor. 

Length of outside walls = 35 + 35 + 32 + 32 = 134 feet 


Center transverse partition.= 35 feet 

Living room-haU partition.= 15 feet 

Hall-stair partition = 8-1-6.= 14 feet 

Dining mom-pantry partition.= 14 feet 

Pantry-kitchen partition.= 14 feet 

Pantry-closet partition.= 6 feet 

Total length of walls and partitions. 234 feet 
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Then, if one stud is allowed for each lineal foot of wall and parti¬ 
tion, the number required in this case will be 234. (Ans.) 

Framing for Wall Openings.—Openings in walls and parti¬ 
tions are framed as shown in Fig. 14. The architect's plans or 
working drawings usually indicate the sizes of doors and windows 
by the size of the finished opening, and sometimes in the case of 
the latter, by the glass size. Then, when framing an opening, an 
allowance must be made for doors of 5 inches in width and 3 inches 
in height and for windows 6 inches in width and 4 inches in height 
over the finished opening size. If glass size is shown, an addi¬ 
tional 4 inches for bottom rail and 2 inches for stiles, check rail 
and top rail must be added. 


Illustration: Working drawings show door openings 2 feet 
6 inches by 6 feet 6 inches. What size opening should be made 
in framing the partitions? 


Width of door. 

Add. 

. 2 ft. 6 in. 

5 in. 


Width of opening.... 

. 2 ft. 11 in. 

(Ans.) 

Height of door. 

Add. 

. 6 ft. 6 in. 

3 in. 


Height of opening.... 

. 6 ft. 9 in. 

(Ans.) 

Illustration: A working drawing shows 

2 feet 4 inches by 4 feet 10 inches. What size 
provided in framing the wall? 

a window opening 
opening should be 

Width of window... 
Add. 

. 2 ft. 4 in. 

6 in. 


Width of opening... 

. 2 ft. 10 in. 


Height of window... 
Add. 

. 4 ft. 10 in. 

4 in. 


Height of opening... 

. 5 ft. 2 in. 

(Ans.) 
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METHODS OF FRAMING AROUND OPENINGS IN WALLS AND PARTITIONS 


Fig. 14 , 
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Illustration: Architect’s drawings show a two-light window 
with glass sizes 24 inches by 20 inches. What size opening should 
be provided in framing the wall? 


Glass width. 24 in. 

Add for stiles = 2 + 2. 4 in. 

Add for trim. 6 in. 


Width of opening 


34 in. 2 ft. 10 in.(Ans.) 


Height of glass = 20 + 20. 40 in. 

Add for bottom rail. 4 in. 

Add for check & top rails = 2 + 2.. 4 in. 

Add for trim. 4 in. 


Height of opening 


52 in. 4 ft. 4 in. (Ans.) 


Roof Framing.—The elements of a roof and the terms pertain¬ 
ing to them are illustrated in Fig. 15. The span is the distance 



between the outer edges of the side walls supporting a roof. The 
rise is the vertical distance between the ridge and the plates sup¬ 
porting the roof. The run is the horizontal distance between the 
ridge and the outside edge of the plate supporting the roof. 
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The -pitch of a roof is the slope of the rafters expressed as a 
ratio of the rise to the span. Thus, to find the pitch of a roof when 
the rise and span are given, merely substitute the known values 
in this equation. 


Pitch = 


rise 

span 


Illustration: What is the pitch of a roof whose rise is 6 feet 
and span 18 feet? 


Pitch 


rise _ 6 
span 18 


1 

3 


(Ans.) 


To find the rise when the pitch and span are known, use the 
equation. 


Rise = pitch X span 


Illustration: What is the rise of a roof whose pitch is f and 
span 24 feet? 

Rise = pitch X span = f X 24 = 16 


With these relationships in mind it is a simple matter to com¬ 
pute the length of the rafters by extracting the square root of the 
sum of the squares of the rise and the run, since these form a 
right triangle. Thus, 

Rafter length = \/(rise)^ + (run)^ 


The overhang for the eaves, if any, must then be added to this 
figure. 

Another convenient method of determining the length of 
rafters is to let the inches on a steel square represent the rise and 
run in feet. Thus, in Fig. 16 the run of 20 feet is represented 
by 20 inches on the square and the rise of 10 feet is represented by 
10 inches. Then the length of the diagonal in inches may be 
measured with a rule and this represents the length of the rafter 
in feet. 

Flat Roof.— h. flat roof or lean-to has but one pitch and is used 
widely on sheds, porches, dormers, etc. The slope is often just 
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sufficient for drainage and the length of the rafters may be com¬ 
puted by either of the above methods. 



OAKPENTERS' STEEL SQUARE 

Fig. 16: 


Illttsteation: The roof shown in Fig. 17 has a rise of 18 
inches and a run of 15 feet. How long mast the rafters be if the 
overhang front and back is 8 inches? 



Length of rafters = V (rise)^ + (run)^ 
Length of rafters = 


V(1J)2 4- (15)2 = V2.25 + 225 = V227.25 = 15.075 ft 
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Converting the decimal to inches and fractions of an inch by 
multiplying by 12 and referring':, to Table 1, page 19, we obtain 
a length of 15 ft. Of in. To this must be added 16 inches for 
the overhangs. 

‘ 15 ft. Of in. 

16 in. 

Total length of rafters....... 16 ft. 4f in. 

This problem illustrates that when the pitch is small, the 
length of the rafters will very nearly equal the run, so that in sheds 
and unimportant structures, where the exact amount of overhang 
is not of great concern, the overhang added to the run may be 
used for the length of the rafters. However, the calculation 
illustrated is important in the case of roofs of greater pitch and in 
dwelling construction. 

Gable Roofs .—A gable roof has two sloping surfaces which 
meet at the ridge. Figure 18 shows an end view of such a roof. 



The length of the rafters is computed as for a flat roof except, of 
course, that an overhang occurs on only one end. 
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Illustbation: What is the length of the rafters of a roof 
which has a rise of 10 feet, a run of 12 feet and an overhang of 
1 foot? 

Length of rafter = V(rise)2 + (run)^ = V (10)2 _|_ ( 12)2 
VlOO + 144 = = 15.62 ft. 

Changing the decimal 0.62 to inches by multiplying by 12, we 
obtain a length of 15 feet 7| inches to which must be added the 
overhang, making a total of 16 ft. 7| in. (Ans.) 

Illustration: A roof has a 
rise of 8 feet and a run of 10 feet 
and eaves projecting a horizontal 
distance of 1 foot 6 inches. What 
is the length of the rafters? 

From geometry we know that 
ABD and BCE (Fig. 19) are simi¬ 
lar triangles and that therefore 
the sides of one are proportional 
to the sides of the other. Then, 
BE: AD ^ EC \ DB and 



BE X DB 
BE 

Substituting known values, 

10 

Then DF is also 1.2 feet and AD + DF = 8 + 1.2 = 9.2 ft.; 
FE + EC A- 1.5 = 11.5 ft. 

We have then a new triangle, ACF, which can be solved in 
the regular manner for the side AC which represents the entire 
length of the rafter including overhang. 

AC = V (9.2)2 + (11.5)2 = V84.64 + 132.25 
AC = V216.89 = 14.727 = 14 ft. 8| in. (Ans.) 


AD X EC 
AD X EC 
DB 


^- 1 . 2 ( 1 . 
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Frequently two gable roofs will meet at right angles as shown 
in Fig. 20. 

This construction calls for a valley rafter at the intersection of 
the roof surfaces. The valley rafter may be represented by the 
hypotenuse of a right triangle one of wjiose legs is the length of 



the common rafter J5C, and the other leg the distance AB from 
the intersection of the ridges to a point in a plane with the extreme- 
ties of the rafters of the gable perpendicular to AB. The length 
of the valley rafter is then 

AC = V(^B)2 + (Bcy 

It will be noted that when two gables 
intersect at exactly right angles, the 
distance AB is equal to the run plus hori¬ 
zontal overhang of the intersecting gable. 

Hip Roofs.—A hip roof has surfaces 
sloping toward all four walls as shown 
in Fig. 21. The only new problem which 
this involves is the calculation of the 
length of the hip rafters. 

If a roof drawing is made to scale the length of the hip rafter 
can be found by scribing radius AR in Top View to point C on 
ridge center line. By dropping a vertical line to the line of plate 
in the Front View the actual length of hip rafter can be measured 
along AC, 



Fig. 21. —^Hipped Hoof. 
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The length of the hip rafter can be computed when the length 
of the common rafter AD and the distance BD are known. Then, 

Length of hip rafter = y/{ADY + iBDY 

When the pitches of the intersecting roof surfaces are equal, as 
they usually are, the run of the hip rafter (See Fig. 22) is the 



hypotenuse of the isosceles right triangle whose legs are the run 
of the common rafters and the distance BD along the plate. Then, 

Run of hip rafters = run of common rafters X a/2> 

and, 

Length of hip rafters = v (rise)^ + 2(run of common rafters) 

Illustration: A hip roof of equal pitch all around has a rise 
of 10 feet and a run of 14 feet. What is the length of the hip 
rafters? 

Length of hip rafters * V(rise)^ + 2(run)2 

= V(10)2 + 2(14)2 = VlOO + 2 X 196 
«= V 492 = 22.181 ft. = 22 ft. 2^ in. (Ans.) 
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The length of the hip rafter can also be found without com¬ 
putation by scaling the distance AB on a plan or top view drawing, 
laying this distance off to a scale of 1 in, = 1 ft on one leg of a 
carpenters' square, as in Fig. 16, and laying the rise off on the 
other leg. Then the diagonal distance between these points is the 
scale length of the hip rafter. 

Gambrel Roofs.—A gambrel roof, as shown in Fig. 23 has two 
sets of rafters on each side. The ang’e. between the lower set and 



Fw. 23. 

the horizontal is never less than 60 degrees and the angle between 
the upper set and the horizontal is never more than 30 degrees. 

No new problem is involved in the computation of the lengths 
of the rafters of a gambrel roof. The rise and the run for the 
upper and lower rafters are generally given separately on the 
building plans and the lengths are computed separately by the 
customary formula. 

Length of rafter = V(rise)^ + (run)^ 

Illustbation: What are the lengths of the upper and lower 





342 HANDBOOK OF APPLIED MATHEMATICS 
rafters of a gambrel roof for the rises and runs indicated in Fig. 24? 



Upper rafter = 

V(3)2 + (9)2 = Vm = 9.49 ft. = 9 ft. 5| in. (Ans.) 
Lower rafter = 

V(9)^ + (5)2 = VToe = 10.29 ft. = 10 ft. 3| in. (Ans.) 

Stair Construction.—The proportioning and construction of 
stairs present several nice problems of calculation. The elements 
of a stairway are shown in Fig. 25 and the details of framing in 
Fig. 26. 

The ideal angle for a stairway is between 30 degrees and 35 
degrees with the horizontal, although both steeper and flatter 
stairways are sometimes necessary. However, regardfess of the 
angle of stair, a certain relationship between the rise and the run 
of each step must prevail. That is, the sum of the rise and the 
run shall not be less than 17 inches nor more than 18 inches. 
(It is to be noted that the run does not include the nosing.) Then, 
if a step has a rise of 7 inches, its run will be between 10 and 
11 inches. 

When the distance between two floors or the rise of the stair is 
known, and the approximate amount of the rise of each step has 
been determined, then the number of steps required may be 
found by dividing the rise of the stair by the rise of the step. 
If the quotient is not an even number, divide the rise of the stair 
by the nearest whole number of the quotient to obtain the exact 
rise of the step. 
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Front Elevation Frame of the Stairs 
Fia. 26. 


Illustration: The distance between two floors is 12 feet 4 
inches. How many steps will be required if the rise is to be about 
7J inches? 

12 ft. 4 in. = 148 in. 148 7.25 = 20.4 
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Then, since the quotient is not a whole number, divide the rise of 
the stair by 20. 148 20 = 7.4 or approximately 7^. 

The result shows that 20 steps each with a rise of 7if inches 
are required. (Ans.) 

Illustration: How many steps will*be required between two 
floors with a difference in elevation of 9 feet 7 inches, if the rise is 
to be about 7 inches? 

9 ft. 7 in. = 115 in. ' = 16.4 

W = in. 

The result shows that 16 steps are required each with a rise of 
7A inches. (Ans.) 

The computations in the preceding illustrations instead of 
actually arriving at the number of steps, arrived at the number 
of risers. The top landing is not regarded as a step, and thus 
there is one less tread than riser in a stairway. Reference to 
Fig. 25 makes this clear. Then the width of the run of each step 
is equal to the total run of the stairway divided by one less than 
the number of risers. 

Illustration: The run of a stairway is 13 feet 1| inches. 
What is the run of each step if there are 16 risers? 

13 ft. U in. = 157.5 in. 

^ . 157.5 157.5 , 

Run of step = -- 7 = - = 10| m. (Ans.) 

lo —■ 1 lo 

Illustration; What is the run of each step if a stairway has 
20 risers, a total rise]of 12 feet 6 inches, 
and a slope of 35 degrees? 

Since the length of the run of the 
stairway is lacking, it must be found 
by trigonometry. It is evident from 
the triangle in Fig. 27 that 



run 

rise 


cotangent 35® 


Run 

Fiq. 27. 
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Then, Run = cotangent 36® X rise 

Run = 1.428 X 12.5 = 17.85 ft. 17.85 ft. = 214.2 in. 

Therefore, 

214.2 214.2 

Run of step = 26 ^ (Ans.) 

The width of the tread of a step is, of course, the run of the step 
plus the width of the nosing. When no nosing is used, the run 
should be 12 inches for ample comfort. 

Surface Covering 

Up to this point, only structural members of buildings have 
been considered and the main concerns of these are strength and 
conformity with building regulations. The measurement of 
these members has generally been by the piece. Surface covering, 
on the other hand, while it is purchased by the board foot by 
nominal dimensions, covers areas only in proportion to its actual 
dimensions. Surface measure is made in square feet, or, for the 
sake of smaller figures, in squares, one square being a surface 
10 feet by 10 feet or 100 square feet. 

Certain factors pertaining to surface covering with common 
boards and strips are common to sheathing, rough flooring, and 
roof boarding. Thus, in any of these uses, a seven-inch board will 
cover a space less than seven inches wide and a ten-inch board will 
cover a space less than ten inches wide. When the area to be 
covered has been calculated, the following percentages must be 
added to make up for the scant widths: 


Width of Board, 
Inches 

Percentage to be 
Added 

Width of Board, 
Inches 

Percentage to be 
Added 

3 

14.39 

8 

6.66 

4 

10.34 

9 

5.88 

5 

8.11 

10 

5.26 

6 

6.66 

11 

4.76 

7 

5.66 

12 

4.35 
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This table does not provide for waste resulting from short ends. 
An additional 5 percent should be added for waste when sheathing 
is placed horizontally or when rough flooring is laid parallel to 
the walls. Ten percent should be added for waste when these 
coverings are laid diagonally. . 

Sheathing.—Sheathing may be nailed to the studding of a 
frame building either diagonally as shown in Fig. 2, or horizontally 
as shown in Fig. 12. It may be either matched or unmatched 
lumber | inch thick and planed on at least one side. 

In estimating the amount of lumber needed for sheathing the 
procedure is to calculate the net wall surfaces and add the proper 
percentage for waste and scant widths. The area of the triangular 
surface under the end of a gable roof is, by geometry, one-half the 
product of the rise and the span. 

Illustration: The bungalow shown in Fig. 28 is to be 
sheathed diagonally with 1-inch by 6-inch common boards. How 
many board feet of lumber will be required? (Assume door and 
window openings on far sides equal in area to those on the near 
sides.) 

Area of side wall = 23 ft. 10 in. X 10 ft. 2 in. — openings 

= 23.83 X 10.17 - (3.17 X 4.92 + 3.17 X 5.42) 
= 242.35 - 32.78 = 180.58 sq. ft. 

Area of end wall = 18 ft. 0 in. X 10 ft. 2 in. 

+ 2 (18 ft. 0 in. X 6 ft. 4 in.) 

- 2(5 ft. 5 in. X 3 ft. 2 in.) 

— 3 ft. 4 in. X 8 ft. 0 in. 

— 3 ft. 4 in. X 1 ft. 10 in. 

= 18 X 10.17 + K18 X 6.33) - 2(5.42 X 3.17) 

- 3.33 X 8 - 3.33 X 1.83 

= 183.06 + 57 - 34.4 - 26.6 - 6.1 
= 240.06 - 67.09 = 172.97 sq. ft. 

Total surface = 2 sides @ 180.58 sq. ft. = 361.16 sq. f«,. 

= 2 ends 172.97 sq. ft. = 345.94 sq. ft. 


Total = 707.10 sq. ft. 
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This area must then be increased by 10 percent for waste and by 
6.66 percent (according to the above table) for scant widths or a 
total of 16.66 percent. The lumber needed will then be 

707.10 + 707.10 X 0.1666 - 825 fbm (Ans.) 

Siding.—Exterior walls of wood may be either siding or 
shingles. Siding is laid in horizontal courses outside of a layer 
of building paper which has previously been attached to the 
sheathing. 

Figure 29 shows cross-sections of the common bevel siding and 
several patterns of drop siding. 

The usual size of bevel siding is a nominal width of 6 inches, 
a thickness of | inch at the 
bottom edge and J inch at 
the top edge. It is lapped 
on the wall as shown in Fig. 

2. When laid with 4-| inches 
exposed to the weather, 33 
percent must be added to the 
area of the wall to obtain the 
area of siding required. With 
4 inches exposed to the 
weather, 50 percent must be 
added. In both cases an additional 5 percent should be added for 
waste. 

Illustration; How many board feet of bevel siding laid 
4 inches to the weather are required for the bungalow in the pre¬ 
vious illustration? 

Net wall area = 707.10 sq. ft. 

Add 50% for lap and 5% for waste; total of 55% 

Lumber required = 707.10 + 707.10 X 0.55 = 1096 fbm (Ans.) 

For drop siding with a 5i^ face add 16.3 percent for scant 
width and 5 percent for waste. 
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Illustration: How many board feet of S^^-inch drop siding 
would be required for the bungalow of the preceding exercises? 

Net wall area = 707.10 square feet 

Lumber required = 707.10 + 707.10 X 0.213 = 858 fbm. (Ans.) 

Flooring.—Rough flooring should be laid diagonally on the 
floor joists. The lumber required is estimated in exactly the same 
manner as the sheathing. 

Illustration: How many board feet of lumber are required 
for a floor 26 feet by 28 feet if 7«inch common lumber is used and 
laid diagonally? 

Area = 26 X 28 = 728 sq. ft. 


Add for scant width. 5.66% 

Add for waste. 10.00% 

Total. 15.66% 


Lumber required = 728 + (728 X 0.1566) = 842 fbm (Ans.) 

A finish flooring of hard maple, beech, birch or oak provides a 
substantial wearing surface. It is laid directly on top of the 
rough flooring at right angles to the direction of the floor joists, 
but never parallel to the rough flooring. It is nailed at intervals 
of 12 or 16 inches with 8-penny steel-cut flooring nails driven at an 
angle of 45 degrees and starting just above the tongue. 

Hardwood flooring comes in thicknesses of | in., ^ in., | in. 
and f| in. and in face widths of 1§ in., 2 in., 2J in. and in. The 
scant width loss due to the tongue and groove is considerable and 
the following percentages must be added when estimating the 
flooring required: 

Face Width, Allowance, 

Inches Percent 

m 60 

2 37.6 

2H 33.3 

24 
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An additional 3 to 5 percent must be added for waste in cutting and 
fitting. 

Illustration: How many board feet of flooring are required 
to lay 1252 square feet of M-in. by 2J-in. flooring and allowing 
5 percent for waste? 

Scant width loss.= 33.3% 

Waste loss.= 5.0% 

Total loss. 38.3% = .383 

Flooring required = 1252 -f- 1252 X 0.383 = 1732 fbm (Ans.) 

Roofing.—The area of a gable roof is the sum of the two 
sloping surfaces. The area of one of these surfaces is equal to the 
product of the length of the roof and the slope length or the rafter 
length. 

Illustration: What is the area of a gable roof whose length 
is 35 feet and whose rafters are 18 feet long? 

Area of § of roof = 35 X 18 = 630 sq. ft. 

Area of whole roof = 630 X 2 = 1260 sq. ft. = 12.6 squares (Ans.) 

A hip roof has the same area as a gable roof of the same pitch, 
overhang and plate dimensions. Therefore, the area of a hip roof 
is equal to twice the product of the length of rafters on the long 
side and the length of the eaves on the long side. 

A dormer having the same roof pitch as the main roof adds 
only the amount of the overhang to the area which would obtain 
if the dormer did not exist. 

Roof rafters are covered with boarding as a support for the roof 
covering material. This boarding is usually tight sheathing as 
in Fig. 30 for slate or composition roofing. 

Roof sheathing is estimated in the same manner as siderwall 
sheathing, the allowances for scant widths given at the head of 
this section being used, and 5 percent allowed for waste. 
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iLiiUBTBATiON: How many board feet of sheathing are required 
to cover a hip roof 35 feet long and a rafter length of 17 feet, if 
1-inch by 6-inch boards are used? 

Area of roof = 2 X 35 X 17 = 1190 sq. ft. 


Add for scant widths. 6.66% 

Add for waste. 5.00% 

Total.11.66% 

Lumber required for sheathing 


= 1190 -I- 1190 X 0.1166 = 1329 fbm (Ans.) 



Fia. 30. 


There is little unanimity on the question as to whether or not 
solid sheathing should be used under wood shingles. The alterna¬ 
tive construction is the use of 1 in. by 4 in. shingle lath spaced 
an inch apart, as shown in Fig. 31. 
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Since the actual width of a 4-inch board is 3f inches, if 1 inch 

35, 3 025 

is left open, only = ' = 0.784 = 78.4 percent of the 

1 + of 4.625 

roof area wiU be covered. When computing the lumber required 
for covering a roof with 1-in. by 4-in. shingle lath spaced 1 inch 
apart, only 78.4 percent of the actual area is considered. The 
usual factors for scant widths and waste still apply, however. 



Fig. 31. 

Illusthation: How many board feet of lumber are required 
to cover a roof of 1450 square feet with 1-inch by 4-inch shingle 
lath spaced 1 inch apart? 

First the area must be reduced to 78.4% of its actual area. 
1450 X 0.784 = 1136.8 sq. ft. 


Allowance for scant widths. = 10.34% 

Allowance for waste.= 5.00% 

Total. 15.34% 


Lumber required = 1136.8 + 1136.8 X 0.1534 = 1311 fbm (Ans.) 

Shingles.—Cedar or cypress shingles form a roof covering 
great durability. Shingles are sold in bundles which contain the 
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equivalent of 250 shingles 4 inches wide. Actually they are 
of random widths. They come in lengths of 16, 18, and 
24 inches and in butt thicknesses of from ^ inch to § inch. 
Shingles are listed in this fashion: 

24-in. Royals, 4/2 in. 

16-in. Perfects, 5/2 in. 

The first figure gives the length of the shingle; (4/2 in.) means 
that 4 shingles measure 2 inches at the butts, and (5/2 in.) means 
that 5 shingles measure 2 inches at the butts. 

The amount of roof surface which a bundle of shingles will 
cover depends on the amount exposed to the weather. Sixteen- 
inch roof shingles are laid 4 in., 4J in., and 5 in. to the weather. 
Twenty-four-inch shingles are usually used for siding and laid 
7? in. or even 10 in. to the weather. The number of bundles of 
shingles required for each square of roof area including an allow¬ 
ance of 10 percent for waste is, for various exposures, as follows: 


Exposure, 

Inches 

4 

5 

6 

7y2 

10 


Bundles 
per Square 
4.0 

3.6 
3.2 

2.7 
2.1 
1.6 


Illustration: How many bundles of shingles are required to 
cover a roof of 2240 square feet when 4| inches are exposed to the 
weather? 

2240 sq. ft. = 22.4 squares 
22.4 X 3.6 = 81 bundles (Ans.) 

Nails Required.—The quantity of nails required for the 
various operations in the construction of a house may be obtained 
from Table 2. 
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Illustration: What kind and how many pounds of nails 
are required for nailing 2400 fbm of 1-inch by 6-inches sheathing 
on 16 inches center to center studding? 

The table shows 8d common to be the proper size and 32 
pounds per 1000 fbm as the unit quantity. Then, 

2.4 X 32 = 77 lb for 2400 fbm (Ans.) 

Illustration: What kind and how many pounds of nails are 
required for nailing 1700 fbm of 1-inch by 8-inches drop siding 
nailed on 12-inch centers? 

The table gives 8d casing as the proper size and 23 lb per 
1000 fbm as the unit quantity. Then, 

1.7 X 23 = 39 lb for 1700 fbm (Ans.) 

Interior Trim.—This work includes door jambs and trim, win¬ 
dow frames, sash and trim, baseboards and mouldings. Frames 
and sash are seldom made up on the job 
these days, and dealers supply even door and 
window trim already cut and bundled. 

Baseboards, mouldings, etc., should be esti¬ 
mated to the nearest 100 feet in excess of 
the actual length wanted. 

Determining Radius.—In making a bend 
as for a moulding or baseboard, of a 
known chord and height, the radius must 
be known so that a line can De struck to which to work. 

To determine radius, add the square of half the chord to the 
square of the height and divide by twice the height. Thus, in 
Fig. 32, if the chord is 8 feet and the height 1 foot, 

42 + 12 

Radius = -- = 8.5 feet (Ans.) 

2X1 

A slight bend can be made in a board if soaked in hot water 
30 minutes. Sharp bends can be made after wood has been cooked 
or steamed for at least 6 hours. 
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Trade Names 

8d finish. 

6d finish. 

8d finish. 

lOd finish. 

8d floor brads. 

8d floor brads. 

8d floor brads. 

20d common. 

16d common. 

lOd common. 

60d common. 

8d casing. 

8d casing. 

8d casing. 

6d finish. 

6d finish. 

6d finish. 

6d and 8d casing. 

Sizes and Kinds of 
Material 

Ceiling, %x4 . 

Ceiling, and . 

Finish, % . 

Finish, . 

Flooring, 1x3. 

Flooring, 1x4. 

Flooring, 1x6. 

Framing, 2x4 to 2x16 
requires 3 or more 
sizes and vary greatly 
Framing, 3x4 to 3x14 
Siding, drop, 1x4.. 
Siding, drop, 1x6.. 
Siding, drop, 1x8.. 
Siding, bevel, x 4. 
Siding, bevel, x 6. 
Siding, bevel, M x 8. 
Casing, per opening. 
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tWood shingles vary in width; asphalt are usually 8 inches wide. Regardless of width 1000 shingles are the equivalent 
d 1000 pieces 4 inches wide. 
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LATHING AND PLASTERING 

Laths form the supporting structure for plaster on walls and 
ceilings when the plaster cannot be applied directly to a firm base 
to which it will bind. Laths may be of either wood or metal and 
are nailed either to furring strips or to the studding of walls and 
partitions and to the under side of floor joists to form ceilings. 

Wood Laths.—Wood laths are strips 1^ in. wide, ^ in. or | in. 
thick, and 48 in. long sawed from pine, spruce, or hemlock. This 
length permits the lath to cover, without cutting, three spans 
between studs when these are placed on 16-inch centers. Laths 
/or lime plaster arc spaced j in. or f in. and closer for gypsum 
plaster. A bundle of 100 laths 

spaced j in., will cover 6.48 sq.yd.: equal to 1543 laths per 100 sq.yd. 
spaced | in., will cover 6.94 sq.yd.: equal to 1441 laths per 100 sq.yd. 

About 10 poimds of fine lath nails are required per 100 square 
yards of lathing. 

Illustration: How many bundles of laths will be required 
for lathing the walls and ceiling of a room 12 feet X 18 feet, ceiling 
9 feet high, if the areas of the windows and doorways total 12 
square yards and the spacing of the lath is I inch? Allow 6% for 
waste. 

Area of ceiling =4X6 = 24 sq. yd. 

Area of side walls = 3 X 6 X 2 = 36 sq. yd. 

Area of end walls = 3X4X2 = 24sq. yd. 

Total 84 sq. yd. 
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Total carried forward 

84 

sq. yd. 

Area of openings 

12 



72. 

sq. yd. 

6% for waste 

3.6 



75.6 

sq. yd. 


If one bundle covers 6.48 sq. yd., then the number or bundles 
75.6 

required is = 11.7 and the next larger whole number is, of 
course, 12 bimdles. (Ans.) 

Illustration: A room to be lathed has two window openings 
2 ft. 10 in. by 5 ft. 2 in. and two door openings 3 ft. 0 in. by 7 ft. 
0 in. What quantity of nails and how many bundles of lath will 
be required if the size of the room is 13 ft by 12 ft 6 in. and the 
height of the ceiling is 9 ft 6 in. and the spacing is f inch? Allow 
5% for waste. 

In this problem it is more convenient to change the inches t9 
tenths of a foot and compute the total area in square feet anA 
reduce to square yards by dividing by 9. 


Area 

of 

two 

windows 

= 2 X 2.83 X 5.17 = 

= 29.3 sq. ft. 

Area 

of 

two 

doors 

=2X3X7 

• 42.0 sq. ft. 





Total 

71.3 sq. ft. 

Area 

of 

ceiling 

= 13 X 12.5 

= 162.5 sq. ft. 

Area 

of 

end 

walls 

= 2 X 9.5 X 12.5 = 

= 237.5 sq. ft. 

Area 

of 

side 

walls 

= 2 X 9.5 X 13.0 = 

: 247.0 sq. ft. 





Total 

647.0 sq. ft. 





Area of openings 

71.3 sq. ft. 






575.7 sq. ft. 





5% for waste 

28.8 sq. ft. 






604.5 sq. ft. 



LATHING AND PLASTERING 


361 


Changing to square yards, 

604.5 
area = —-— 
9 


67.17 sq. yd. 


If one bundle at | in. spacing covers 6.94 sq. yd., then the number 
of bundles required will be 
67 17 

^ = 9.7 or 10 whole bundles (Ans.) 

0.94 


If 10 pounds of nails are required for 100 sq. yd., this room will 
67 

require 10 X —^ = 6.7 pounds of nails. (Ans.) 


Metal Lath.—Metal lath is manufactured in two general forms, 
as a wire mesh and as expanded metal (Figs. 1 and 2). Both 


forms are protected from corrosion by 
being painted, japanned or galvanized. 
Metal lath is not only a base for 
plaster but also serves as reinforcing. 
It is universally used in fireproof con¬ 
struction and is particularly adapted 
for thin partition walls and suspended 
ceilings. 




Fig. 1. —Expanded Metal Lath. Fig. 2. —^Wire Mesh Lath.* 


Both wire lath and expanded metal lath are attached to steel 
furring with No. 18 gage annealed galvanized wire lacing and to 
wooden furring, studding, or floor joists with No. 13 gage gal¬ 
vanized wire staples spaced about six inches apart. The fol¬ 
lowing are average quantities of lacing and staples required per 
100 square yards of metal lath:* 

* Courtesy Wickwire Spencer Steel Company. 
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Spacing of 

No. 18 

IM-In. No. 13 

Furring, Inches, 

Galvanized 

Galvanized 

Center to 

Wire Lacing, 

Wire Staples, 

Center 

Pounds 

Pounds 

12 

6 


14 

5 

8 

16 

4H 

7 


Wire Lath.—Wire lath is woven from No. 18 to No. 21 Wash- 
bum & Moen gage wire with 2 and 2| meshes per lineal inch in 
each direction. Some forms have V-shaped metal stiffeners 
attached at intervals of 8 inches to provide the fabric with greater 
rigidity. The lath usually comes in rolls 150 feet long and 36 
inches wide. Thus one roll will cover 50 square yards. 

With 12-inch spacing of furring, a No. 19 gage plain wire lath 
is recommended, while the No. 18 gage is more suitable when the 
spacing of furring is 14 or 16 inches. If lath with V-stiffeners is 
used, a No. 20 gage wire is sufficient. 


Illustration: An auditorium 50 feet by 100 feet with a 20-foot 
ceiling is to be lathed with wire lath on metal furring, 12 inches on 
centers. How many square yards of lath, how many rolls, and 
how many pounds of lacing will be required if the total area of 
doors and windows is 50 square yards? 


Area of ceiling = 50 X 100 
Area of end walls = 2 X 20 X 50 
Area of side walls = 2 X 20 X 100 

Total area 

Reducing to square yards. 


11,000 

9 


= 1222 sq. yd. 


= 5,000 sq. ft. 
= 2,000 sq. ft. 
= 4,000 sq. ft. 
11,000 sq. ft. 


less openings 50 sq. yd. 

Net area = 1172 sq. yd. of lath required fAns.) 
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{Courtesy Associated Metal Lath Manufacturers, Inc.) 


Fig. 3. —Most Advantageous Positions for Metal Lath for Fire Stops and 
Crack Prevention. 

For Fire Stops — 

(1) On all stud bearing partitions and walls and fire stops between studs. (Fire stops 
to be metal lath basket-shaped to fit between studs, coated with plaster or cement and 
filled with incombustible materials.) 

(2) On ceilings under inhabited floors, especially over heating plants and coal bins. 

(3) At chimney breasts, around flues and back of kitchen ranges. 

(4) For stair-wells and under stairs. 

(5) As a base and reinforcement for exterior stucco. 

For Crocfc Prevention — 

(a) On ceilings of prominent rooms. 

(b) Lap 4 in. on either side of wall and partition angles, and around door bucks. 

(c) Back of wainscots and tile mantels. 

(d) Across plumbing pipes and heat ducts. 

(e) Proper construction of exterior stud walls for successful stucco. 
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If each roU contains 50 square yards 
1172 ^ , 

= 23.4 or 24 whole rolls required (Ans.) 

Wire lacing required at 6 pounds per 100 square yards is, 

6 X 11.72 = 70| pounds (Ans.) 

Illustration: A ceiling is to be lathed on joists spaced 16 
inches center to center. What size of plain or reinforced wire 
lath should be used? 

No. 18 gage plain or No. 20 gage reinforced (Ans.) 



{,CourteBy ABsocioied Metal Lath Manufacturers^ Inc.) 

Fig. 4.—Metal Lath Used for Suspended Ceiling. 


Expanded Metal Lath.—Expanded metal lath is made by 
punching and stamping sheet metal and then pulling it so that the 
punched slits open up as holes which hold the plaster. Ribs are 
quite frequently stamped into the metal to obtain greater rigidity. 

The uses of expanded metal lath are illustrated in Fig. 3. It 
will be noted that not only is it used to support plaster by itself, 
but also in comers in combination with wood lath to prevent 
cracks. Fig. 4 shows the application to suspended ceiling. 
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Generally, the weight of the expanded metal per unit area is 
about one-half or less of the unit weight of the original sheet. 
The following are the minimum weights per square yard recom¬ 
mended for various uses: 


Expanded Metal Lath for Interior Work 

For vertical position attached to metal studs spaced not to 
exceed 12 in. on centers, 2.2 lb. 

For vertical position attached to wood or metal studs not 
to exceed 16 in. on centers, 2.6 lb. 

For horizontal position attached to metal supports spaced not 
to exceed 16 in. on centers, 3.4 lb. 

For horizontal position attached to metal supports spaced not 
to exceed 12 in. on centers, 3.0 lb. 


Expanded Metal iMth for Exterior Work 

For any position attached to wood, metal, masonry, etc., 3.4 lb. 

Expanded metal lath is manufactured in sheets of various 
dimensions, a common length being 8 feet, and widths ranging 
from 15 inches to 27 inches, with 24 inches as an average. It is 
sold in bundles of sheets which have a coverage of from 10 to 25 
square yards per bundle. 

IiiLtrsTBATioN: A room 30 feet by 70 feet with a ceiling 18 feet 
high is to be lathed with expanded metal lath on metal furring 
on 12-inch centers. What total weight of lath will be required 
if the area of doors and windows is 34 square yards and a skylight 
18 square yards? 


Area of ceiling = 30 X 70 = 2100 sq. ft. 


Subtracting sl^rlight area. 


2100 

9 


233 sq. yd. 


233 — 18 = 215 sq. yd. (net area) 
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The weight of lath required for a horizontal position on metal 
supports spaced 12 inches on centers is 3.0 pounds per square yard. 
Then the weight of lath required for ceiling is, 

3.0 X 215 = 645 lb. 

Area of end walls = 2 X 18 X 30 = 1080 sq. ft. 

Area of side walls = 2 X 18 X 70 = 2520 sq. ft. 

Total area 3600 sq. ft. 

Beducing to square yards, 

* 3600 

Area = — = 400 sq. yd. 
y 

Net wall area = 400 — 34 = 366 sq. yd. 

The weight of lath which may be used on this vertical surface is 
2.2 pounds per square yard. Then the total weight required for 
the walls is, 

2.2 X 366 = 805 lb. 

The sum of the weights required for the ceiling and walls is 
645 + 805 = 1450 lb. total weight of lath (Ans.) 

Plastering.—Plastering usually consists of three coats (Fig. 5), 
viz.; (1) the rough or scratch coat which is applied directly 
to the wood or metal lath; (2) the ‘‘brown” coat which 
is floated onto the scratch coat, which has been scratched 
with a comb in order to roughen it so the brown coat will 
adhere better and (3) the finishing or *‘skim” coat which 
is applied to the brown coat after it has been finely 
scratched or roughened. When plaster is applied to a 
masonry wall, the scratch coat is often omitted, the 
brown coat being applied directly to the masonry. 
Plaster prepared in sheets and commonly known as plaster board 
or gypsum lath shipped ready for nailing is often substituted for 
the scratch coat and sometimes for both the scratch coat and the 
brown coat. 



Fig. 6 
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Scratch Coat.—The scratch coat is applied with sufficient 
force to insure good key to the lath, and is composed of a mixture 
of slaked hme, clear river or pit sand free from salt and long 
cattle or goat hair (wood fiber, jute or asbestos is sometimes used 
instead of hair on cheap work). These are mixed in the propor¬ 
tions of one part lime paste to two parts sand, with 1J bushels of 
hair to each barrel of unslaked lime. Unslaked lime (quicklime) 
comes in lumps and is sold in barrel: containing from 200 to 260 
pounds. A barrel of Rockland, Me., lime weighs 220 pounds net, 
contains about cubic feet and will make about 2.6 barrels or 
9 cubic feet of paste. A barrel of 200 pounds will make about 
8 cubic feet of paste. Approximately 9 cubic feet of lime paste, 
18 cubic feet of sand, and 4 bushels of hair will cover about 
40 square yards about f inch thick on wooden laths and about 
30 square yards on metal laths. 

Illustration: What quantities of materials will be required 
for the scratch coat in a building having 520 square yards of 
wood-lathed walls? 

If one 220-pound barrel of lime, 18 cubic feet of sand, and 4 
bushels of hair will cover 40 square yards, then -Vif = 13 times 
these quantities will give the total amounts required. 

13 X 1 = 13 220-pound barrels of quicklime (Ans.) 

^ — = 8.7 cubic yards of sand (Ans.) 

Zii 

13 X 4 = 52 bushels of hair (Ans.) 

Quicklime must be slaked and aged before using. To obviate 
the delays incident to these operations, a hydrated lime may be 
used which has been slaked by the manufacturer and is marketed 
as a flocculent powder in 50-pound paper sacks. Hydrated lime 
is prepared for use by being sifted through a screen into an equal 
volume of water and permitted to soak undisturbed for 24 hburs. 
This produces a putty or paste which is then mixed with the sand 
and hair. 
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The proportions of materials for the scratch coat using hydrated 
lime are: 1 sack (50 lb.) hydrated lime; 200 pounds of dry plastering 
sand; | pound of hair or fiber. This will produce about 2.3 cu. ft. 
or 0.085 cu. yd. of plaster and will cover about 4| square yards on 
wood lath with a thickness of about | inch, or square yards 
on metal lath. The weight of a cubic foot of sand is about 
100 pounds. 

Illustration: What quantities of hydrated lime, sand and 
hair are required to apply a scratch coat on wood lath to 243 
square yards of surface? 

Since the quantities given in the statement of the proportions 
of materials produce a coverage of 4j square yards on wood lath, 
the factor obtained by dividing 243 by 4| when multiplied by these 
figures will give the total quantities required. 


Then, 



54 X 1 = 54 sacks of hydrated lime (Ans.) 

54 X 200 = 10,800 lb. sand 

■ ■ „ = 108 cu. ft. = — = 4 cu. yd. sand (Ans.) 


54 X 0.5 = 27 lb. hair (Ans.) 

Brown Coat.—The brown coat is usually leaner in lime and 
has a smaller percentage of hair than the scratch coat. It is 
applied after the scratch coat has dried and is generally J inch 
to I inch thick. Considerable care is exercised in its application 
so that the surface produced will be straight and true and within 
about i inch of the final finished surface or grounds. 

When hydrated lime is used for the brown coat, the recom¬ 
mended proportions are: 1 sack (50 lb.) hydrated lime; 250 pounds 
of dry plastering sand and ^ poimd of hair. This will produce 
about 2.7 cubic feet or 0.1 cubic yard and will cover about 10 
square yards to a thickness of | inch. 
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Illustration: What quantities of material are required to 
cover 340 square yards of wall space with a brown coat of plaster 
f inch thick? 


Then, 


^^ = 34 
10 


34 X 1 = 34 sacks of hydrated lime (Ans.) 
34 X 250 = 8500 lb. sand 


100 X 27 


= 3.15 cu. yd. sand (Ans.) 


34 X I = 8| lb. hair (Ans.) 


Finish Coat.—The skim coat or finish coat is usually ^ inch 
thick and contains no hair. It may be made with one part of 
slaked lime to two parts of clear white sand or marble dust. 
However, a harder finish may be obtained by using any of the 
patent plasters on the market. These are composed principally 
of plaster of Paris or gypsum. Hydrated lime is mixed with these 
to retard the time of set. The materials and proportions used 
depend on the type of finish desired. 

White Smooth Finish.—This finish may be obtained by mixing 
4 sacks (200 lb.) hydrated lime with 50 pounds of plaster of Paris. 
The resulting putty will cover about 45 square yards to a thickness 
of I inch. 

Sand Finish.—A mixture of 2^ cubic feet each of lime, plaster 
of Paris, and white sand or marble dust will skim-coat about 
100 square yards from in. to ^ in. thick. 

A coarser sand finish may be produced by mixing 2 sacks 
(100 lb.) of hydrated lime with 3 cubic feet (300 lb.) of plastering 
sand. This will cover about 65 square yards of surface. 

Textured Finish.—A textured finish is made by first applying 
a sand finish coat and then a second heavier coat, and the texture 
desired worked in with tools or hands. This second or texture 
coat may be proportioned as follows: 3 sacks (150 lb.) of hydrated 
lime to 50 pounds of plaster of Paris. 
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Illustration: What quantities of materials will be required 
for a white smooth finish coat of plaster on 355 square yards of 
surface? 

Using the above proportions which yield a coverage of 45 
square yards, we obtain, 

355 

= 7.9 = factor for multiplying ingredients in the mix. 
45 

Then, 

7.9 X 4 == 31.6 = 32 whole bags of hydrated lime (Ans.) 

7.9 X 50 = 395 lb. plaster of Paris (Ans.) 

Plaster of Paris is often sold in 100-pound bags. Four bags 
would be required in this case. 

Illustration: What quantity of materials would be required 
to make a finishing plaster composed of equal parts of lime, plaster 
of Paris, and sand to cover 1150 square yards of surface? 

A mixture given above with ingredients in this proportion 
covers 100 square yards when cu. ft. sand, 2^ cu. ft. plaster of 
Paris, and 2| cu. ft. lime are mixed together. 

Then, 


and 

11.5 X 2.5 = 28 .75 cu. ft. plaster of Paris (Ans.) 

11.5X2.5 ^ j j ,4 X 

- r- - = 1.06 CU. yd. sand (Ans.) 


1150 

100 


= 11.5 


11.5 X 2.5 = 28.75 cu. ft. lime (Ans.) 


Thickness of Plaster.—The minimum total thickness of plaster 
on wood or metal lath should be | inch from the face of the lath to 
the grounds divided as follows: 
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Scratch coat, average, | inch 

Brown coat, average, f inch 

Finish coat, average, inch according to finiah 

On brick, stone, hollow tile, concrete blocks or poured concrete, 
the minimum total thickness from the normal masonry line to the 
grounds should be f inch for two-coat work divided as follows: 

Brown coat, average, f inch 
Finish coat, average, | inch 

Stucco.—Plaster made with Portland cement is used in interior 
work only as a base coat to support bathroom, kitchen, or orna¬ 
mental tile. In exterior work, however, such plaster, called 
stucco, is widely used in finishing buildings. 

Stucco should always be supported on painted or galvanized 
metal lath on a wooden structure. It may be applied directly to 
masonry structures. 

The first (scratch) and second (brown) coats each f inch thick 
are usually composed of one part of Portland cement to three 
parts clean well-graded sand. Eight pounds of hydrated lime 
per sack of cement are often added to aid the plasticity of the mix. 
One sack of cement mixed with three cubic feet of sand and eight 
pounds of hydrated lime will cover about 11 square yards | inch 
thick. 

The same proportions or somewhat richer may be used for the 
finish coat, which may be from J inch to \ inch thick depending on 
the finish. Smooth troweled, sand fioated, rough trowel floated, 
rough cast, and pebble dash are some of the finishes effected. 

Illustration: What quantities of materials are required for a 
three-coat stucco job, the finish coat being | inch, smooth troweled 
and the total area of th houses to be stuccoed, 1400 square yards? 

Since a scratch coat of one sack of cement, 3 cubic feet of sand 
and 8 pounds of hydrated lime will cover 11 square yards f inch 
thick, then 
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127 X 1 = 127 sacks of cement 

——— = 14.1 cu. yd. sand 
27 

127 X 8 = 1015 lb. hydrated lime 


The second coat will duplicate these quantities and the third 
coat will be one-third of these quantities. Then the total materials 
required are: 



Cement, 

Sacks 

Sand, 

Cubic Yards 

Hydrated Lime, 
Pounds 

First coat.. 

127 

manm 

1015 

Second coat. 

127 


1015 

Third coat. 

43 

■■ 

338 


Totals. 

297 

32.9 

2368 



Eeducing these quantities to purchasable units, figuring 4 sacks 
of cement per barrel and 50 pounds of hydrated lime per bag, we 
have 


Cement, = 75 barrels (Ans.) 
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PAINTING, PAPERHANGING, GLAZING 

Uses of Paint.—Paint is the most, common agent for protect¬ 
ing metallic surfaces from corrosion and wood from rotting. In 
addition, it is used on interior surfaces protected from weather as 
an aid to cleanliness, illumination and for ornamentation. 

In general, all objects to be protected by paint should be 
painted before exposure to weather. New wooden buildings 
should be given one priming coat of paint at the first opportunity 
permitted by the weather, after completion. Tin roofs should be 
painted as soon as completed; galvanized iron roofs may be left 
unpainted for a year without harm and the partial oxidation of 
the zinc will give the paint a better surface to which to adhere. 

Composition of Paint.—All paint consists of a solid called the 
pigment and a liquid called the vehicle. The pigment consists of 
very small particles which, due to their opacity, enable paint to 
hide surfaces and give them color. The vehicle serves the purpose 
of binding the particles of pigment together and to the surface and 
also makes it possible to spread the paint thinly over a siuiace. 
Both pigment and vehicle are generally mixtures. 

Pigment.—Light-colored paints generally have a white base. 
This may consist of white lead, lead sulphate, zinc oxide, or litho- 
pone (about 30 percent of zinc sulphide and 70 percent of barium 
sulphate). Tinted paints have colored pigments added to the 
white base to produce almost any color. These colored pigments 
are too numerous to mention here. Occasionally, a colored body 
pigment is used, especially in paints used to keep iron from rusting. 
These include red lead, orange mineral, and American vermilion. 
Brown metallic, a natural iron oxide, is also used on bams, roofs 
and bridges on account of its cheapness. 

373 
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Vehicle.—^The vehicle of a paint usually consists of a mixture 
of oilf thinner^ and drier. Linseed oil is the only oil generally 
available for mixing paint on the job, although tung oil, perilla 
oil and soya-bean oil are used in addition to linseed oil in ready- 
mixed paints. When linseed oil evaporates it forms a tough 
transparent flexible film. However, in its natural state it is too 
viscous or thick to spread readily. A thinner consisting of tur¬ 
pentine or mineral spirits or both is therefore added and this not 
only aids the spreading, but permits the oil to penetrate porous 
surfaces with greater facility. Large quantities of thinner added 
to paint give the surface a dull flat finish. 

Liquid driers are added to paint to hasten the hardening of the 
oil. A coat of oil paint with drier added dries in one or two days, 
while a paint with no drier would require a week or more. 

Ready-Mixed Paint.—While paint mixed on the job was the 
general thing a few years ago, a very small percentage of the paint 
used in this country today is so mixed. Ready-mixed paint 
produced by reputable manufacturers has several points of supe¬ 
riority. Chief among these are uniformity of consistency, ingre¬ 
dients, color and weight. Ready-mixed paint has the further 
advantage that it can be obtained in the amount desired with the 
assurance that if this proves inadequate the color can be exactly 
matched at any time by another purchase. 

Ready-mixed paints should be used only for the purposes for 
which they are sold and according to the manufacturer's direc¬ 
tions. Paint in pint and quart cans may be mixed by vigorously 
shaking the can before opening. Larger containers of paint should 
be mixed by first pouring off the liquid on the top into a clean 
container and then stirring the residue with a paddle, at the same 
time adding the poured-oflf liquid in small quantities. 

Spreading Rates.—The area over which a certain quantity of 
paint will spread depends on the nature and consistency of the 
paint and the porosity and roughness of the surface to which it is 
applied. Only approximate figures for average conditions can 
be given. Table 1, prepared by the Department of Agriculture, 
is based on one gallon having the consistency of ready-mixed paint 
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or paint mixed for the finishing coat. This volume will, of couiw, 
be increased for priming and for second coats in three-coat work 
by adding linseed oil or a mixture of linseed oil and turpentine. 

Estimating Paint Requirements.—The quantity of paint 
required for a job may be estimatecT by dividing the area to be 
covered by the spreading rate of the particular paint for the kind 
of surface to be covered and the number of coats to be applied, 
as given in Table 1. 

Illustration: How many gallons of flat finish paint are 
required for two coats on the plaster walls of one room 14 feet by 
22 feet and two rooms 13 feet by 15 feet if the ceilings are 9 feet 
high? Assume door and window openings to total 200 square feet. 

Large room areas 

End walls = 2 X 14 X 9 = 252 sq. ft. 

Side walls = 2 X 22 X 9 = 396 sq. ft. 

Ceiling = 14 X 22 == 308 sq. ft. 

Two smaller room areas 

End walls = 4 X 13 X 9 = 468 sq. ft. 

Side walls = 4 X 15 X 9 = 540 sq. ft. 

Ceiling = 2 X 13 X 15 = 390 sq. ft. 

Total area. 2354 sq. ft. 

Area of openings. 200 sq. ft. 

2154 sq. ft. 

Spreading rate per gallon, 2 coats = 225 sq. ft. (from table). 

2154 

Paint required = —— = 10 gallons (Ans.) 

Illustration: How much varnish is needed for two coats on 
a floor 60 feet by 40 feet? 
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TABLE 1 

Spreading Rates op Paint 


Surface Covered by 1 Gal 


Coating Material 


Character of Surface 


Smooth wood, 
Rough wood.. 


Metal 


Oil paint (gloaa finish) 


Oil paint (flat finish).. 


Enamel paint. 

Exterior spar varnish.... 
Interior finishing varnish. 

Shellao. 

Shingle stain *. 

Asphalt roof paint.... | 


Plaster. 

Hard brick. 

Soft brick. 

Smooth cement. 

Rough cement (stucco). 

Smooth wood or wall board. 

Plaster. 

Hard brick... 

Soft brick. 

Smooth cement. 

Rough cement (stucco). 

Smooth, painted with undercoats. 

Smooth wood. 

Smooth wood. 

Smooth wood. 

Rough wood. 

Smooth. 

Rough. 


Asphalt-asbestos liquid 

roof cement. 

Cold-water paint (5 lb 

powder). 

Calcimine (5 lb powder).. 

Whitewash (4 to 6 lb J 
hydrated lime). ] 


Smooth, 

Smooth, 
Plaster. 
Wood. . 
Brick... 
Plaster. 


1 coat 

2 coats 

3 coats 

Sq. ft. 

Sq. ft. 

Sq. ft. 

600 

325 

225 

350 

200 

135 

700 

340 

230 

450 

260 

176 

400 

225 

160 

350 

200 

150 

350 

200 

150 

200 

100 

.... 

500 

275 

200 

400 

225 

160 

350 

200 

150 

300 

175 

125 

300 

176 

125 

150 

75 

.... 

500 

260 


500 

276 

200 

460 

250 

176 

600 

300 

.... 

125 

76 

.... 

260 



150 

.... 

.... 

100 


.... 

300 



400 

.... 

.... 

260 


.... 

200 


.... 

300 


.... 


* 2 gal per 1,000 shingles when dipped two-thirda their length. 


Area = 60 X 40 = 2400 sq. ft. 

Spreading rate per gallon, 2 coats = 250 sq. ft. (from table) 
2400 


Varnish required 


250 


10 gallons. (Ans.) 
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Illustration: How much paint is required for two coats on a 
wooden silo 12 feet in diameter and 30 feet 
high if it has a conical roof with a rise of 
4 feet and an overhang of one foot? 

Computation of the roof area as a conp 
whose area is one-half of the product of 
the slant height and the circumference 
of the base, would be a refinement not 
warranted by the problem. It is suf¬ 
ficiently accurate to regard the roof as 
a disc 14 feet in diameter. Then, 

14 y 147r 

Area of roof = =--- = 497r = 154 sq. ft. 



Area of cylinder = wDh = 12 X 30 X tt = 1130 sq. ft. 

Total 1284 sq. ft. 

Spreading rate = 275 sq. ft. per gallon (2 coats) 

. . 1284 

Paint required = —— = 5 gallons (Ans.) 



Illustration: A smooth hemispherical 
dome 32 feet in diameter is to be given one 
coat of asphalt roof paint. How many gallons 
of paint will be required? 

The area of a sphere is irD^, then the area 


of a hemisphere is 


2 


and, 


Area of dome = 


7rD2 

2 


TT X 32 X 32 
2 


= TT X 512 = 1610 


Spreading rate = 250 sq. ft. per gallon 
Pamt required - ^ - 6J galloue (Aua> 
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For a two-coat repainting job on the exterior of a house of 
moderate size and in good condition, it is fairly safe to estimate 
that as many gallons of paint as there are rooms in the house will 
be required. Half again as many gallons will be required for a 
three-coat job. 

Quantities for Job-mixed Paint.—When paint is mixed on the 
job, it is mportant that a sufficient quantity be mixed at one time, 
particularly if it is tinted. Proportions are usually given in terms 
of quantities for batches of various sizes. A few typical formulas 
Will be given here. 

Outside House Paint. White Lead Paint 
Stock paint (to make 7 gallons of paint when thinned) 


White-lead paste. 100 lb. 

Raw linseed oil. 2 gal. 

Japan drier.-.. . 1 pt. 

Turpentine. 1 pt. 


Ijead Zinc Paint 

Stock paint (to make 6 gallons of paint when thinned) 


White-lead paste. 50 lb. 

Zinc oxide paste. 25 lb. 

Raw linseed oil. 2| gal. 

Japan drier. 1 pt. 

Turpentine... 1 pt. 


Interior Flat-finish Paint 
Priming coat on unpainted plaster (2| gallons) 


White-lead paste. 25 lb. 

Raw linseed oil. If gal, 

Japan drier. f pt. 

Turpentine. 2 pt. 
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First coat over priming coat, old paint, or wall size (1| gallons) 


White-lead paste.. 

. 25 Ib. 

Raw linseed oil. 

. 3 pt. 

Turpentine. 

. 3 pt. 

Japan drier. 

ipt. 

Finishing coat (^ 1 

gallons) 

White-lead paste.. 

. 25 lb. 

Flatting oil.. 

. 1 to 1 gal. 


Whitewash.—Common whitewash for sheds and barns can 
be made either by slaking oi>e-half bushel (38 pounds) of common 
lime and straining, or by mixing one sack (50 pounds) of hydrated 
lime with water and adding a solution of 15 pounds of common 
salt in 7^- gallons of water and subsequently thinning with water 
as desired. If a disinfectant or insecticidal whitewash is desired, 
one or two quarts of crude carbolic acid should be added. Quan¬ 
tities needed may be estimated with the aid of the table. 

How to Prepare Surfaces for Painting*—Wood.—New 
unpainted wood usually needs very little preparation. Dusting 
off loose dirt, removing mortar, plaster, or cement with a scraper 
or sandpaper, and filling nail holes and loose joints with putty 
after the priming coat is dry may be sufficient. If the wood is 
resinous or waxy or contains knots and coarse grain figures full of 
rosin or pitch, however, special treatment is necessary. Charring 
with a blowtorch will kill the pitch in knots, but the usual method 
is to apply a thin coat of orange shellac to all pitchy places before 
the surface is painted. Resinous wood like yellow pine should be 
brushed over with turpentine just before it is painted; cypress 
should be brushed over with solvent naphtha or benzol. 

A painted surface that is simply chalky needs only to be dusted. 
All paint that has begun to scale or peel must be removed by 
scraping or brushing with a wire brush; more adherent paint that 


♦U. Sj Agr. Bui. 1462; 









380 HANDBOOK OF APPLIED MATHEMATICS 


is checked may be softened with a blowtorch and then scraped off. 
All loose putty should be removed from nail holes, joints, and 
cracks, and fresh putty put in after the first coat of paint has 
dried. 

Surfaces that have been varnished or enameled should be 
rubbed with fine sandpaper, curled horsehair, or fine steel wool 
until the gloss is removed. If such surfaces are marred, prepared 
varnish remover should be used, smoothing the wood after it is 
dry with steel wool or sandpaper. Painted or varnished wood¬ 
work in kitchens and bathrooms should be washed with soap and 
water and then thoroughly sponged with clean water. Floors 
that have been treated with nonvolatile mineral oils can not be 
painted or varnished. 

Shingles or other wooden surfaces that have been treated with 
creosote or creosote stains cannot be painted until they have 
weathered for several years. 

Wood that has been whitewashed cannot be painted until the 
whitewash has been removed as completely as possible. 

Surfaces that have been coated with tar or other bituminous 
materials should be coated with shellac varnish before they are 
painted with oil paints. If soft, such surfaces should be coated 
with sand before they are painted or whitewashed. 

Brick and Concrete.—Old paint on brick surfaces is frequently 
loose, so that the surface must be gone over carefully and all paint 
which is not firmly attached to the surface scraped off. Before 
painting very porous bricks or similar materials which have never 
been painted, it is best to apply kettle-boiled linseed oil and oil 
drier or a special undercoater for sealing the pores of outside sur¬ 
faces. A solution containing from 2 to 4 pounds of zinc sulphate 
to the gallon of water, carbonated (*‘soda^^) water, or ammonium 
carbonate solution should be applied to concrete, cement, stucco, 
mortar, and plaster made with lime, to neutralize free alkali, 
unless the surface has been exposed to the air for at least a year. 

Plaster.—Wall paper should be removed from any plastered 
surface to be painted. Cracks and holes should be cut out so 
that they are wider on the inside than at the surface. Their 
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edges should then be wet, and they should be filled with piaster* 
of Paris or a mixture of plaster of Paris and whiting, adding sand 
for the rough first filling. When dry, patches in plaster which has 
been coated with oil paint should be covered first with thin shellac 
and then with one or two coats of flat oil paint before the entire 
surface is repainted. ' 

Before either oil or water paints are applied to plastered sur¬ 
faces, all old coats of calcimine, cold-water paint, or whitewash 
must be washed off as thoroughly as possible. 

Wall-paper stains can usually be removed by washing walls 
with soda solution and sponging with clean warm water. All 
stains remaining after the walls are dry should be coated with 
shellac, varnish or aluminum paint mixed with banana oil. 

Unless the surface has been coated with oil paint or sized with 
a material insoluble in water, a preliminary sizing coat is necessary 
before calcimine or cold-water paint is applied. To make glue 
sizing, soak granulated glue in water for several hours, then heat 
it to boiling while stirring, and add enough water to make a thin 
sticky solution. Sometimes gloss oil, hard oil, or suction varnish 
are used on dry walls. Calcimine is said to give best results when 
applied to walls that have had a coat of flat or semigloss oil paint. 

Before painting with oil paints plaster less than a year old and 
not previously coated with oil paint, it is best to apply a solution 
of zinc sulphate, ammonium carbonate, or carbonated water. 
Smooth bard-finish plaster should be coated with a good flat- 
finish varnish size. A Uttle wall paint should be added if the paint 
and varnish will mix without livering. A coat of thick paint should 
be rubbed well into all fine cracks in the plaster and allowed to 
dry before the varnish sizing is apphed. Varnish solutions for 
sizing walls are sold, but any good interior varnish that can be so 
thinned with turpentine or mineral spirits that it will dry flat will 
serve the purpose. Gloss oil and other cheap rosin varnishes, 
used under oil paints, may retard or prevent drying. Glue-and- 
oil size or glue size should be used on rough or sand-finish plaster. 

Loose dust and dirt must be removed from plaster that has 
been coated with oil paint, and all defects in the surface remedied. 
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The walls and ceilings in kitchens and bathrooms should be washed 
with soap and water and sponged off with clean water. 

All gloss from enamel or ordinary house paints should be 
removed with sandpaper or steel wool. 

Metal.—Wire brushes, sandpaper, steel wool, scrapers, or a 
hammer and chisel may be used to remove rust and scale from 
metal surfaces. If metal roofing, guttering, or drain spouting is 
too badly rusted to be cleaned without making holes in it, the 
defective metal should be replaced. All rosin or other flux should 
be completely removed from the soldered seams of new metal. 
Deep rust spots on heavy metal not in contact with wood may 
be heated thoroughly with the flame of a blowtorch to remove 
all moisture. No loose paint or dirt should be left on the sur¬ 
faces. 

Some parts of implements and machines are usually coated 
with oil or grease, and new tinned and galvanized iron always has 
a thin film on the surface as a result of the manufacturing process. 
AU oil or grease should be removed with gasoline, mineral spirits, 
or other suitable solvent before the metal is painted. 

Unless it has been exposed to the weather for a year or more, 
galvanized iron needs special treatment to roughen the surface 
slightly so that the paint will have a foothold. Strong vinegar or 
dilute hydrochloric (muriatic) acid, sometimes used to give such 
surfaces a “tooth” may attack the zinc coating too vigorously. 
A strong water solution of copper sulphate (bluestone), ammonium 
chloride (sal ammoniac), or ammonium phosphate is better than 
acid. Or a special undercoater, consisting of a thin, elastic flat 
varnish containing silica or siliceous material in suspension, may 
be applied to give the surface a “tooth.” 

How to Paint.—Paint must thoroughly wet the surface to 
which it is applied, and the combined thickness of all the coats 
should be just sufficient to hide the surface. In outside painting 
two or three thin coats are better than one thick coat. 

The extent and character of the surface and the kind of coating 
material used will determine the best way of painting. The usual 
way is by brushing. Shingle stains are often applied by dipping. 
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Spraying is sometimes satisfactory for coating large smooth sur¬ 
faces with materials especially adapted for the purpose. 

Brush Painting— Brushes ,—Good tools, as well as good paint, 
are essential for a good painting job. Only good brushes, of the 
right size and construction for the work in hand, should be bought. 
The horsehair and vegetable fiber sometimes found in cheap 
brushes are poor substitutes for the bristles in the more expensive 
brushes. 

A 4-inch flat brush is generally used for applying oil paints to 
large surfaces, but 3|4nch brushes are probably better for begin¬ 
ners. The bristles in 4-inch flat brushes should not be more than 
4J inches long, except for experienced painters. For trimming 
and small surfaces, a flat brush, 2 to inches wide, with bristles 
3 to 3 j inches long, is suitable. A flat or oval sash brush, 1 to 1| 
inches wide, with bristles about 2 inches long, is also necessary. 
A special pencilling brush, the smallest oval sash brush, or a round 
lettering bnish is needed for pencilling brickwork. For varnish¬ 
ing there should be a special varnish brush, which has never been 
dipped in paint. On moldings, pipes, railings, and other surfaces 
which are not flat, oval brushes will probably be better than flat 
brushes. 

A painters^ dusting brush is convenient for removing loose dirt 
and dust. Calcimine brushes, wall-stippling brushes, roof¬ 
painting brushes, whitewash brushes, soft brushes for fine varnish 
and enamel work, and other special brushes are also needed at 
times. 

For painting rough surfaces, which are very hard on brushes, 
old stubby brushes can be used. For applying shingle stain a 
cheap brush is as good as an expensive one. 

Paint should never be allowed to dry on a brush. Nor is it 
advisable to keep paint brushes in water. When outside painting 
stops for more than an hour, the brushes should be kept in raw 
linseed oil. When painting is again resumed, as much oil as pos¬ 
sible should be scraped or wiped from the brushes, after which the 
remainder should be thoroughly mixed with the paint by repeat¬ 
edly filling the brush and scraping it against the inner edge of the 
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paint pot. Bruises that have been used in flat-finish paints and 
are to be used again soon for the same purpose should be kept in 
kerosene during the interval. Before being used again, most of 
the kerosene should be wiped from the brush, and that remaining 
should be thoroughly mixed with the paint. 

During long intervals between painting jobs, even if it is for 
several years, the most satisfactory method for keeping paint 
brushes in good condition is to hang them in raw linseed oil, 
preferably in closed containers. Each brush should have a hole 
bored through the handle, so that it can be slipped over the lower 
end of a double wire hook of such length that the bristles will be 
completely covered by the oil. Placing brushes in linseed oil or 
other liquids without supporting bends the bristles out of shape. 
The fresh paint remaining in a brush when it is ready to be stored 
need not be removed before the brush is placed in raw oil. The 
pigment, loosened by the oil during storage, will gradually settle 
out. A skin will form on the surface, but the oil below will keep 
the bristles soft. Any skin clinging to the metal or wooden parts 
of the brush can be easily scraped off. Fresh paint can also be 
removed from a brush by washing it first in turpentine, kerosene, 
or mineral spirits and then with soap and water, after which the 
bristles should be dried thoroughly and covered with wrapping 
paper. 

After use, varnish brushes should always be thoroughly 
washed, preferably in turpentine, although benzol or coal-tar 
naphtha will do. Brushes that have been in shellac or other spirit 
varnish should be cleaned with denatured alcohol. During all 
interruptions in the work brushes should be kept either in turpen¬ 
tine or in the varnish, with the bristles completely covered by the 
liquid, and the container should be kept closed. Clean varnish 
brudies may either be wrapped in paper and laid away or they 
may be hung in raw linseed oil, not, however, in the container used 
for paint brushes. Varnish brushes that have been kept in oil 
must be washed free of the oil, preferably with turpentine, before 
being used. 

It is best to clean roof brushes thoroughly and store them dry 
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with no weight resting on the bristles. Brushes that have been 
used with oil or asphalt paints can be cleaned with turpentine or 
gasoline. Those that have been used with coal-tar paints can be 
cleaned with benzol or solvent naphtha. 

Whitewash and calcimine brushes should be washed thoroughly 
in water after each day’s work and hung up to dry with the bristles 
down. They should not be put in whitewash or cold-water paint 
until the lime has thoroughly slaked and the liquid has cooled. 
Soaking for an hour or two before use swells and tightens a dry 
whitewash brush which loses its bristles. 

Oil paints and varnishes containing much Unseed oil cannot be 
successfully removed after they have dried on a brush. Certain 
treatments will soften the hardened material to some extent, but 
the bristles must be scraped to clean them thoroughly. Some¬ 
times the bristles can be separated by soaking the brush in raw 
linseed oil for a day or two and then washing with hot turpentine. 
Soaking a brush for 12 to 24 hours in a warm solution containing 
a pound of sal soda in 3 pints of water frequently softens it so that 
it may be washed with soap and water. Some painters believe 
that a mixture of soda ash or sal soda with borax or trisodium 
phosphate is less harmful. Lye or caustic soda ruins the bristles. 

Appl 3 dng the Paint.—Hold the brush lightly but firmly, with 
the narrow part of the handle between the thumb and first two 
fingers, much as a pencil is held in drawing lines with a rule, and 
use it in such a way that it wears down uniformly and keeps its 
original shape. Do not grip a brush by the stock, with some of the 
fingers extending over the bristles, and do not bear down too hard 
on it. Use a moderate, even pressure in spreading the paint and a 
light, even pressure in finishing. The muscles of the wrist, which 
do most of the work, can be relieved by using also the muscles of 
the arm and even those of the shoulder. While the brush is being 
drawn back and forth across the surface do not let the hand lead, 
but keep it directly over the brush. Lift the brush from the surface 
before starting a return stroke. Poking or jabbing the brush into 
corners or cracks ruins the bristles. (See Figs. 3, 4, and 5.) 

Do not dip the brush too deep into the paint. One-third the 
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length of its bristles is far enough. After dipping, tap the brush 
gently against the edge of the paint pot or draw it lightly across 
the inner edge to remove the excess paint. Use all of each brush¬ 




ful before dipping again. In painting overhead carry less than the 
usual quantity of paint in the brush. 

Wipe immediately, with a clean dry cloth, surfaces that 
have been accidentally soiled 
with paint. 

In painting outside surfaces 
start at the top and move 
downward. It is customary to 
start at one side and work across 
to the other side, covering a 
convenient stretch on the way. 

Brush the paint out thoroughly 
to a thin, even coating. Brush¬ 
ing up and down as well as 
across insures thorough covering and reduces brush marks. After 
all the surface within arm's length has been covered “lay off" 
by drawing the empty brush lightly and smoothly across the 
entire length of the freshly painted piece, from the edge of the 
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unpainted surface toward that which has been finished. On wood 
use long sweeping strokes parallel to the grain. Allow the brush 
to follow the hand at an angle to the surface, raising it gradually 
upon reaching the surface previously laid off. On stopping work 
for the day, be sure that the painted surface is defined by a straight 
line, such as the lower edge of a weather board or course of shingles. 
The application of fresh paint over the edge of paint that has 
already set causes unsightly laps. 

Shingle stains and whitewash do not require any particular 
skill or special care for application with brushes. Spattering 
should be avoided if possible, and the material should be kept 
stirred while in use. Very dry surfaces should be moistened before 
whitewashing. When cold-water paint is applied by a brush to 
continuous outside surfaces, such as plaster or cement, the same 
care is required as for interior calcimining. 

As flat-finish paints set almost as soon as they are put on, 
interior painting must be done more carefully than outside paint¬ 
ing. Spread the paint on the surface and lay off quickly, brushing 
as little as possible. Once set, do not touch it with the brush. 
Finish a small section with each brushful of paint and work in 
narrow stretches. Do not overlap an adjoining section. Join 
two adjacent sections with light finishing strokes, which should be 
curved or semicircular rather than straight back and forth and 
should extend barely over the edges of the section previously 
painted. If all the brushing is done when the paint is first applied 
and the painted surface is not disturbed, the paint will level itself 
and hide the brush marks. Paint walls from top to bottom, using 
curved up-and-down strokes rather than cross strokes. An entire 
wall or ceiling should be finished without interruption. It is better 
for two or more persons to work on one wall or ceiling, with the 
windows open, than for one person to work in an atmosphere 
saturated with the vapor of paint thinners, with the windows shut. 
Because of the rapid evaporation of vehicle and thinner, paint 
pots should be only partly filled when using flat-finish paints and 
the bulk of the paint should be kept in closed containers. 
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To produce a stippled finish, apply a flat wall paint somewhat 
thicker than that ordinarily used, and dab the surface before the 
paint sets with a stiff dry brush held at right angles. A regular 
stippling brush is best. 

To produce a mottled finish, apply wall paint over a ground 
color of another shade, and while it is still wet touch the surface 
lightly with crinkled wrapping paper loosely held. 

To produce a blended finish, apply two or three coats of wall 
paint of ground color, stippling the last coat with a ball of cheese¬ 
cloth. When the surface is dry apply a glazing or lake color 
harmonizing or contrasting with the ground color, thinned with 
Imseed oil or turpentine and a httle drier. While the surface is 
still wet, wipe away the last coat in spots with a cloth, so that the 
ground color shows through more in some places than in others. 
When two or more glazing colors are desired, each color is appUed 
in irregular patches with a separate brush, and the edges of each 
patch are dabbed with a ball of cheesecloth, after which the entire 
surface is stippled with a brush. 

Calcimining.—Use special calciminiug brushes. Spread the 
material, which should be as thick as possible without leaving 
brush marks when applied, thickly and evenly over the surface 
with the least possible brushing. The object is to hide the surface 
with one coat; an attempt to apply a second coat may remove 
the first. If a second coat is necessary, as it may be on very 
smooth plaster, it should be thin, and the surface should be brushed 
over very lightly and carefully with a solution of alum just before 
it is applied. 

Have the room as light as possible and cover the surface com¬ 
pletely and uniformly. Work in narrow stretches across spaces in 
the shortest direction. Always start in a comer and work away 
from the light. To keep laps from showing, the edge of one stretch 
must not be dry when being joined with the next. Drafts and 
warm ceilings and walls make coatings dry too quickly. If the 
edge of a stretch dries, apply plain water with a clean brush lightly 
and carefully joining it with the next stretch. In joining do not 
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apply more pigment to the lap than elsewhere but work the paint 
of one stretch into the edge of the preceding one by gentle brushing. 
After the coating is on give all the ventilation possible; if the air is 
full of moisture, heat the room. Slow drying may cause a spotted 
appearance. 

Varnishing and Enameling.—Do not brush out varnish and 
enamel thoroughly like ordinary house paints, but flow them on 
to the surface by means of spec'a,! varnishing and enameling 
brushes held obliquely, with just enough light brushing to even 
them and spread out the excess to prevent sags or runs. Var¬ 
nishes and enamels, designed to be self leveling, soon become tacky 
with continued brushing. 

Before varnishing, sandpaper the surface perfectly smooth. 
Unless a natural finish is desired, first apply an oil, water, or spirit 
stain to new wood and treat open-grain woods, such as oak, chest¬ 
nut, ash, elm, walnut, and mahogany, with a paste wood filler 
according to the directions on the cans. The filler can be colored 
to match the stained wood although this may not be necessary as 
the filler is usually transparent under varnish. Sometimes a light 
filler is used on a dark wood for a special effect. After the filler 
has dried smooth the surface with sandpaper. Several coats of 
varnish may be necessary. Before applying a new coat, remove 
the gloss from the previous one after it has become dry and hard, 
by rubbing it with very fine steel wool, curled horsehair, or wet 
felt dipped in powdered pumice stone. If pumice stone is used, 
keep the surface wet. Do not allow any pumice to dry on the 
varnished surface, but sponge it off immediately with clean water 
and dry the surface with chamois skin or a clean cloth. 

A rubbed or satin finish having a dull luster is sometimes given 
to the last coat of varnish by rubbing either with powdered pumice 
and water as described or with powdered pumice alone, using a 
block covered with thick felt saturated with mineral oil. A high 
polish or piano finish can be produced on certain varnishes that 
have become thoroughly dry and hard by using pumice stone, 
followed by polishing with oiled felt and rottenstone, using the 
palm of the hand for the final rubbing. 
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Enamel should not be applied until the siurface has been given 
two or more coats of flat-finish paint of the same color. Special 
undercoating paints may be used with enamels, but ordinary paint 
is satisfactory if most of the linseed oil in it is poured off when the 
pigment is well settled, and enough turpentine or mineral spirits, 
containing some extra drier, is added to give a flat finish. Before 
the enamel is applied, the surface should be smoothed with fine 
sandpaper. 

If the surface has been enameled before, remove the gloss of the 
old coat, by rubbing with curled horsehair, fine sandpaper, or steel 
wool. 

To give the surface a satin finish, use special varnishes and 
enamels which dry with a subdued luster. 

To give a stained and varnished appearance to painted wood, 
treat the surface with a crack and crevice filler, unless it is perfectly 
smooth and free from cracks. Then paint with a ground color for 
graining (flat-finish cream) and let it dry thoroughly. Next 
sandpaper the surface and grain it with distemper paint, using 
rubber graining tools. Each board or other well-defined surface 
should be grained separately. After the grain color has dried 
apply a varnish stain. 

Spray Painting.—Special spraying devices are used exten¬ 
sively for applying water paiuts to large interior surfaces and in 
factories for finishing automobiles, furniture, hardware, and 
machinery. The results first obtained with exterior spray painting 
did not compare very favorably with those obtained with brush 
painting, but as the machines have been improved and more 
experience gained spray painting has become more satisfactory. 
A good operator can cover a surface adapted to spray painting as well 
by using a good machine as by hand brushing and in much less time. 
This method is particularly good for large surfaces with few openings 
and little or no trimming. As spray painting outfits are expensive 
and experience and practice are necessary for their successful 
operation, this method will be used almost entirely by painting 
contractors and others who have a great deal of painting to do. 
With an air brush or paint gun the space is covered so quickly 
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that it must be done right the first time. Any attempt at im¬ 
provement by going over the same surface a number of times 
results in too much paint. 

The only kind of spray painting that does not require the ser¬ 
vices of an expert is whitewashing. When properly thinned and 
strained, whitewash can be applied with a bucket or barrel¬ 
spraying outfit, such as is used for spraying fruit trees. The nozzle 
for Bordeaux mixture is suitable fvr. whitewash. Application of 
whitewash with a high-pressure spray pump is better than brush¬ 
ing because it insures penetration of cracks and crevices. 


PAPER HANGING 

Papers for the walls of rooms are printed with distemper color 
and with oil colors; the cheaper papers are made by machine, the 
more expensive are hand blocked. 

Wall paper is made in rolls 18 inches wide and, single rolls, 8 
yards long, double rolls 16 yards long. A roll of border is the 
same length as a roll of wall paper. 

Calculating. The Number of Rolls.—There are several meth¬ 
ods of figuring the numbers of rolls required to paper a room. 
Moreover, the methods of measurement vary in different localities. 
Some measure all the walls as solid, without deductions for the 
ordinary openings; others deduct one-half of a single roll for 
each ordinary door or window. Some do not deduct for 
openings less than 20 square feet in order to compensate for 
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cutting and fitting; others add 15 percent to the area to allow 
lor waste. 

There is always waste in matching which must be allowed for; 
and the height of the room has a great deal to do with the number 
of strips that can be cut from a roll. Often a double roll cuts to 
better advantage than a single roll. 

Illustration: Find the number of rolls of paper for a room 
0 feet in height, 15 feet long and 12 feet wide, if the room has one 
door and three windows each 31 feet wide. 

First Method: 

Perimeter of room = 2 X (12 ft. + 15 ft.) = 54 ft. 

Width of door and windows = 4 X 3| ft. = 14 ft. 
Perimeter less door and windows.= 40 ft. 

Allowing one double roll or two single rolls for every seven feet, 

40 -4- 7 = 5f 

Therefore, 6 double rolls will be required. 

Second Method: 

Perimeter of room = 54 ft. 

Wall surface = 54 ft. X 9 ft. = 486 sq. ft. 

Allovring 20 sq. ft. per opening = 4 X 20 = 80 sq. ft. 

Area of single roll = 24 X 1§ = 30 square feet = 406 sq. ft. 
406 - 4 - 30 = 13i 


Therefore 14 single rolls will be required. 
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Third Method: 

Perimeter of room in yards = 2 X (4 + 5) == 18 yards 

Subtract width of doors and windows, ap¬ 
proximately.= 4| yards 

13| yards 

Because a roll is J yard wide, the number of strips = IS J X 2 = 27 

Because the room is 9 feet high, each strip will be 9 feet or 
3 yards long. 

27 X 3 = 81 yards required 

81 -5- 16 (the number of yards in a double roll) = 5^ 
Therefore 6 double rolls will be required. 

Since the distance around the room is 54 feet or 18 yards, 
and a 2-strip roll of border contains 16 yards, 18 16 or 1| rolls 

of border are required. 

The amount of wall paper needed for the ceiling is found by 
finding the area, 12 feet X 15 feet = 180 square feet. 

Dividing the area of the ceiling in feet by the area of 1 roll in 
feet, 24 X 1| == 36. Then, 180 36 = 5 rolls. 

Allowing 1 roll for trimming and matching, 6 single rolls would 
be required. 
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TABLE 2 

Rolls of Wall Papbe and Border Required for Various-Sized Rooms * 


Dimensions of 
Room in Feet 

Height of 
Ceiling 
in Feet 

Number 

of 

Doors 

Number 

of 

Windows 

Rolls 

of 

Paper 

Yards 

of 

Border 

7X9 

9 

1 

1 

7 

11 

7X9 

10 

1 

1 

8 

11 

8 X 10 

9 

1 

1 

8 

12 

8 X 10 

10 

1 

1 

9 

12 

9 X 11 

9 

1 

1 

10 

14 

9 X 11 

10 

1 

1 

11 

14 

10 X 12 

9 

1 

1 

10 

15 

10 X 12 

10 

1 

1 

11 

15 

11 X 12 

9 

2 

2 

9 

16 

11 X 12 

10 

2 

2 

10 

16 

12 X 13 

9 

2 

2 

10 

17 

12 X 13 

10 

2 

2 

11 

17 

12 X 15 or 13 X 14 

9 

2 

2 

11 

18 

12 X 15 or 13 X 14 

10 

2 

2 

13 

18 

13 X 15 

9 

2 

2 

11 

19 

13 X 15 

10 

2 

2 

13 

19 

14 X 16 

9 

2 

2 

12 

20 

14 X 16 

10 

2 

2 

14 

20 

14 X 18 

9 

2 

2 

13 

22 

14 X 18 

10 

2 

2 

15 

22 

15 X 16 

10 

2 

2 

15 

i 21 

15 X 17 

12 

2 

2 

i 19 

22 


♦ Papering of ceilings not included. 


WINDOW GLASS AND GLAZING 

Common window glass is technically known as sheet glass or 
cylinder glass. It is usually set with putty and fastened with 
triangular pieces of zinc called glazier’s points, driven into the 
wood over the glass and covered with putty. 

Besides common window glass there are other kinds used in 
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building construction, such as, plate glass, wire glass, ornamental 
and colored glass, skylight glass, etc. 

The best quality of window glass is specified as AA, the 
second as A, and the third as B. It is graded as double-thick, or 
single-thick, and each thickness is further divided into three 
qualities, first, second, or third. This grading is based upon the 
color and brilliancy, and the presence or absence of flaws in the 
material. Single-thick window glasr .is approximately ^ inch 
in thickness, double-thick being approximately | inch. 

Stock Sizes of Window Glass.— The regular stock sizes vary 
by inches from 6 inches to 16 inches in width. Above that they 
vary by even inches up to 60 inches in width and 70 inches in 
length for double thickness, and up to 30 inches by 60 inches for 
single thickness. 

Cost Calculations.—Window glass is sold by the box contain¬ 
ing about 50 square feet of glass. The price per square foot 
increases rapidly as the size of the pane increases. 

To find the number of boxes of window glass of a given required 
size the following rule may be used: 

Divide the product of 50 X 144 by the product obtained by 
multiplying the length and width of each pane. 

Illustration: Find the number of boxes of glass required to 
furnish glass for 15 windows consisting of 4 panes of glass, each 
13 inches X 28 inches. 

50 X 144 = 7200 
13 X 28 = 364 

7200 -f- 364 = 20 (approximately) 

Therefore, 1 box of glass will contain 20 panes. 

15 X 4 = 60 panes required. 

60 20 = 3 


Thus, 3 boxes of glass are needed. 
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TABLE 3 


Sizes and Number of Panes in a Box of Window Glass 


Size in 
Inches 

Panes 
in Box 

Size in 
Inches 

Panes 
in Box 

Size in 
Inches 

Panes 
in Box 

Size in 
Inches 

Panes 
in Box 

6 

X 

8 


12 

X 

19 

32 

16 

X 

20 

23 

24 

X 

44 

7 

7 

X 

9 


12 

X 

20 

30 

16 

X 

22 

20 

24 

X 

50 

6 

8 

X 

10 


12 

X 

21 

29 

16 

X 

24 

19 

24 

X 

56 

5 

8 

X 

11 

82 

12 

X 

22 

27 

16 

X 

30 

15 

26 

X 

36 

8 

8 

X 

12 

75 

12 

X 

23 

26 

16 

X 

36 

12 

26 

X 

40 

7 

9 

X 

10 

80 

12 

X 

24 

25 

16 

X 

40 

11 

26 

X 

48 

6 

9 

X 

11 

72 

13 

X 

14 

40 

18 

X 

20 

20 

26 

X 

54 

5 

9 

X 

12 

67 

13 

X 

15 

37 

18 

X 

22 

18 

28 

X 

34 

8 

9 

X 

13 

62 

13 

X 

16 

35 

18 

X 

24 

17 

28 

X 

40 

6 

9 

X 

14 

57 

13 

X 

17 

33 

18 

X 

26 

15 

28 

X 

46 

6 

9 

X 

15 

53 

13 

X 

18 

31 

18 

X 

34 

12 

28 

X 

50 

5 

9 

X 

16 

50 

13 

X 

19 

29 

18 

X 

36 

11 

30 

X 

40 

6 

10 

X 

10 

72 

13 

X 

20 

28 

18 

X 

40 

10 

30 

X 

44 

5 

10 

X 

12 

60 

13 

X 

21 

26 

18 

X 

44 

9 

30 

X 

48. 

4 

10 

X 

13 

55 

13 

X 

22 

25 

20 

X 

22 

16 

30 

X 

54 

4 

10 

X 

14 

52 

13 

X 

24 

23 

20 

X 

24 

15 

32 

X 

42 

5 

10 

X 

15 

48 

14 

X 

15 

34 

20 

X 

25 

14 

32 

X 

44 

5 

10 

X 

16 

45 

14 

X 

16 

32 

20 

X 

26 

14 

32 

X 

46 

5 

10 

X 

17 

42 

14 

X 

18 

29 

20 

X 

28 

13 

32 

X 

48 

5 

10 

X 

18 

40 

14 

X 

19 

27 

20 

X 

30 

12 

32 

X 

50 

4 

11 

X 

11 

59 

14 

X 

20 

26 

20 

X 

34 

11 

32 

X 

54 

4 

11 

X 

12 

55 

14 

X 

22 

23 

20 

X 

36 j 

10 

32 

X 

56 

4 

11 

X 

13 

50 

14 

X 

24 

22 

20 

X 

40 

9 

34 

X 

60 

4 

11 

X 

14 

47 

14 

X 

28 

18 

20 

X 

44 

8 

34 

X 

40 

5 

11 

X 

15 

‘44 

14 

X 

32 

16 

20 

X 

50 

7 

34 

X 

44 

5 

11 

X 

16 

' 41 

14 

X 

36 

14 

22 

X 

24 

14 

34 

X 

46 

5 

11 

X 

17 

39 

14 

X 

40 

13 

22 

X 

26 

13 

34 

X 

50 

4 

11 

X 

18 

36 

15 

X 

16 

30 

22 

X 

28 

12 

34 

X 

52 

4 

12 

X 

12 

50 

15 

X 

18 

27 

22 

X 

36 

9 

34 

X 

56 

4 

12 

X 

13 

46 

15 

X 

20 

24 

22 

X 

40 

8 

36 

X 

44 

5 

12 

X 

14 

43 

15 

X 

22 

22 

22 

X 

50 

. 7 

36 

X 

50 

4 

12 

X 

15 

40 

15 

X 

24 

20 

24 

X 

28 

11 

36 

X 

56 

4 

12 

X 

16 

38 

15 

X 

30 

16 

24 

X 

30 

10 

36 

X 

60 

3 

12 

X 

17 

35 

15 

X 

32 

15 

24 

X 

32 

9 

36 

X 

64 

3 

12 

X 

18 

33 

16 

X 

18 

26 

24 

X 

36 

8 

40 

X 

60 

3 
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PLUMBING 

Introduction.—Plumbing is defined as the art of installing in 
buildings the pipes, fixtures, and other apparatus for bringing in the 
water supply and removing liquid and water-carried wastes. It 
has developed within the span of a genemtion from a task which 
could be handled by a handy man or a lead wiper to a trade which 
requires a sound fundamental knowledge of hydraulics, mechanics, 
and building. 

In new building construction the plumber locates the pipes and 
fixtures as shown on the plans but he must be on the alert to 
insure that the installations do not violate the local plumbing 
code or the principles of good practice. When installing plumbing 
in an old building, even greater responsibility rests on him. Here 
it may be his lot to determine all of the pipe sizes and locations. 
In either case his work may even include bringing water from an 
independent source of supply and disposing of the wastes by an 
independent system. 

As we have suggested, a complete plumbing installation con¬ 
sists of two mutually independent systems, one the water supply, 
the other the disposal of wastes, often called the sanitary plumbing. 
These two systems will be considered separately. 

Gravity Water Systems.—Figure 1 shows a complete simple 
plumbing installation for an independent gravity water supply 
system. The piping will be discussed later. The point of special 
consideration in this system is the supply tank. 

The size of the supply tank needed to serve a house depends 
on the number of residents and the frequency with which it is 
desired to fill the tank. Ordinarily, it is not desirable to operate 
the pump for filling the tank more frequently than once a day. 

397 
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However, a storage capacity sufficient for a two-day supply is 
advisable in the event of a breakdown of the pump. 



Fig. 1.—A Gravity Water System and Complete Plumbing Equipment. 

(♦From Circular 303, University of Illinois. College of Agriculture) 


The quantity of water required by a family can readily be 
computed. Each person uses from 20 to 40 gallons per day; this 
includes requirements for cooking and laundry. The amounts 
required for some specific uses are: 


Bath tub. 8-20 gallons each time used 

Closet. 3-5 gallons each time flushed 

Lavatory. 1-1§ gallons each time used 

Sprinkling lawn.... 7-8 gallons per 100 square feet 

Soaking lawn.15-20 gallons per 100 square feet 


Peoblem: What storage capacity would be required for a two- 
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day water supply for a family of eight persons and the daily 
sprinkling of 400 square feet of lawn? (Use m aximum values.) 

40 gal. per person per day = 40 X 8 = 320 gal. 

400 sq. ft. sprinkling at 8 gal. per 100 = 4 X 8 = 32 gal. 

Total for 1 day = 352 gal. 

352 X 2 = 704 gallons for two days (Ans.) 

Table 1 gives the capacities of plain cylindrical cisterns and 
tanks. 


TABLE 1 


Capacities op Plain Cylindrical Cisterns and Tanks 


Depth of 

Diameter of Cistern or Tank in Feet 




_____ 






Cistern 










or Tank 

D 

5 

6 

D 

8 

9 

10 

11 

12 

in Feet 











Capacity of Cistern or Tank in Gallons 

4 

376 

588 

846 

1152 

1504 

1904 

2350 

2844 

3384 

5 

470 

735 

1058 

1439 

1880 

2380 

2938 

3555 

4230 

6 

564 

881 

1269 

1727 

2256 

2855 

3525 

4265 

5076 

7 

658 

1028 

1481 

2015 

2632 

3331 

4113 

4976 

5922 

8 

752 

1175 

1692 

2303 

3008 

3807 

4700 

5687 

6768 

9 

846 

1322 

1904 

2591 

3384 

4283 

5288 

6398 

7614 

10 

940 

1469 

2115 

2879 

3760 

4759 

5875 

7109 

8460 

11 

1034 

1616 

2327 

3167 

4132 

5235 

6463 

7820 

9306 

12 

1128 

1763 

2537 

3455 

4512 

5711 

7050 

8531 

10152 


Illustration: What size tank would be required for the 
storage capacity found in the preceding problem? 

Beferring to Table 1, the size of the tank with the next larger 
capacity is 5 ft. in diameter by 5 ft. deep. (Ans.) 
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Hydropnetimatic Water Systems.—The gravity water system 
is used extensively on farms but little elsewhere. The use of 
hydropneumatic systems such as shown in Fig. 2 is gaining in 
popularity on farms and is widely used on country estates and in 
city dwellings remotely located from a central supply. It involves 
the use of a tank which is originally fiUed with air. When pumped 
partly full with water, the air compresses and the pressure thus 



Fia. 2.—A Hydropneumatic Water System and 
Complete Plumbing Equipment. 

(« From Circular 303* University of Illinois, CoUege of Agriculture) 


created is used to force the water through the pipes. The effective 
capacity of the hydropneumatic tank is increased if an initial air 
pressure is used. 

Table 2 gives the capacity of a tank with and without initial 
air pressure. Then, if a pmnp is to be run every other day to 
supply the requirements of a family using 120 gallons per day 
with a working range of pressures from 10 pounds to 50 pounds 
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TABLE 2 

Water Capacity op a Hydropneumatic Tank With and Without an 
Initial Air Pressure * 


Gage Pressure, 
Pounds per 
Square Inch 

Water in Tank 
When No Initial 
Air Pressure Is 
Provided, 
Percent 

JVater in Tank 
With 10 Lb 
Initial Air 
Pressure, 
Percent 

60 

76.9 

61.5 

45 

75.0 

58.3 

40 

72.7 

64.5 

35 

70.0 

60.0 

30 1 

66.7 

44.4 

25 

62.5 

37.5 

20 

57.1 

28.6 

15 

60.0 

16.7 

10 

40.0 


5 

25.0 

.... 


’^From Circular 303* University of Illinois* College of Agriculture. 


TABLE 3 


Standard Sizes op Tanks for Hydropnbumatic Water Systems 


Diameter, 

Inches 

Length, 

Feet 

Size, 

Gallons 

Diameter, 

Inches 

Length, 

Feet 

Size, 

Gallons 

24 

6 

140 

42 

8 

575 

24 

8 

190 

42 

10 

720 

24 

10 

235 

42 

12 

865 

30 

6 

220 

42 

14 

1000 

30 

8 

295 

48 

10 

940 

30 

10 

365 

48 

12 

1128 

30 

12 

440 

48 

14 

1300 

36 

6 

315 

48 

16 

1500 

36 

8 

420 

48 

18 

1700 

36 

10 

525 

48 

20 

1880 

36 

12 

630 

48 

24 

2260 

36 

14 

735 

1 
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gage pressure, the tank capacity may be figured as follows: At 
50 pounds pressure the tank will hold 61.5 percent of its capa¬ 
city and at lO pounds it will be empty. The total quantity of 
water needed between pumpings is 120 X 2 = 240 gallons. 
Then the total capacity of tank required is 240 4- 61.5 per¬ 
cent which is 390 gallons. From Table 3, the dimensions of 
the tank next larger in capacity are 30 inches in diameter by 
12 feet long. When a pump on a hydropneumatic system is 
operated by an electric motor, provision is usually made for 



starting the motor automatically when the pressure drops to 
a certain point. 

Municipal Water Supply Connections.—City plumbing in¬ 
stallations usually connect with a water main in the street as 
a source of supply. This connection is made in some cities 
by the water company or the water department, and in others, 
by the plumber. 

There are three types of coimections: taps, wet-connections 
and three-way'; branches. With the use of special tools, a hole 
may be bored in a water main and a tap inserted with¬ 
out interrupting the service. Taps are of brass and are made 
in the following sizes: f in., f in., 1 in., 1^ in., and 2 in. The 
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tap connects with the service pipe by a lead gooseneck as shown 
in Fig. 3 so bent that settlement of either pipe will not loosen 
the connection or break the pipe. Taps are commonly used for 
buildings requiring less than 200 gallons per minute. For larger 
connections such as for apartment buildings, factories or office 
buildings, several taps may be used leading to a common service 
pipe. Wet-connections and three-way branches are also only used 
for these larger demands. 

The recommended sizes of service pipes are given in Table 4. 

TABLE 4 

Recommended Sizes op Service Pipes in Inches * 


(Standard Wrought Iron Pipe) 


Class of Building 

length of Service Pif)e Main to Meter, Feet 

100 

50 

25 

10 

A. 


1 

1 

K 

B..... 

m 


IH 

1 

C. 

2 




D. 

2 

2 




* From Plumbing by H. E. Babbitt, p. 62. (McGraw-Hill Book Company.) Computea 
OD basis of 20 ft loss of head from main to meter. 


Notes: Class of building: 

A. An ordinary single family dwelling,—two to two and a half stories, 
and not more than eight to ten rooms, containing one bath room, a kitchen 
sink, laundry trays, and garden hose. 

B, A two-family house or larger dwelling, up to about sixteen rooms, 
containing two bath rooms, two kitchen sinks, laundry trays, and one garden 
hose. 

C. —^A four-apartment building of not more than six rooms each. Building 
contains four bath rooms, four kitchen sinks, four sets of laundry trays, and 
one garden hose. 

D, —A large apartment building containing not more than twenty-five 
apartments with a total of about 100 rooms; with full equipment of one bath 
room and one kitchen, laundry trays for each apartment, and two hose con¬ 
nections for the building. 
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Distributing Systems.—^After delivery to the building, water 
is distributed to the fixtures by branch pipes and risers as shown 
in Fig. 4. In dwellings, small apartment buildings and low struc¬ 
tures of any kind, the pressure from the city mains is relied upon 


-m 



WATER 
SUPPLY 
SYSTEM 

A - Curb Box and 
B' Water Meter 
C ~ Drain Cock 

Steam Heater or Furnace 
^“Bath Tub 
f-Lavatory 
G-Shower Head 
H- W.O. Tank 
I -Kitchen Sink 
J - Coal Range 
K " Water Back 
Kitchen Boiler 
lA^Laundru Tuba 
U-Sink 

Q” Hoi Water Heater 
P- Cut-off 1/alue 
Q-Hot Water Storage 
R-Hose Bibb If 
S- Cold Water Lines 
T- Hot Water Line} 

U • Connection to ~ 

Street Main 


The Water Supply Unit 

Courtesy Copper and Brass Research Association. 

Fig. 4. 


to deliver the water to the fixtures. Table 6 shows the pressure 
at the curb necessary to supply buildings of various heights with 
properly designed plumbing. Where automatic flush valves are 
used on the upper floors, these pressures should be increased at 
least five pounds or roof tanks installed. Very tall buildings 
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require the installation of pumps and storage tanks on the roof 
(see Fig. 6) or at intermediate points to supply water to the 
upper floors at proper pressures. 

Sizes of Water-Supply Pipes.—The size of wroughtriron pipe 



required to deliver a certain flow of water to a fixture depends 
on the available water pressure, the length of the pipe, the smooth¬ 
ness of its interior and the number of obstructions to the flow 
in the form of valves, elbows, and other fittings. Only some of 
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TABLE 5 


Height 

Pressures 

Height 

Pressures 

of Building 

at Curb 

of Building, 

at Curb 

Stories 

Feet 

Pounds 

Feet 

Stories 

Feet 

Pounds 

Feet 

2 

20 

15 

34.5 

7 

70 


92.0 

3 

30 

20 

46.0 

8 

80 


103.5 

4 

40 

25 

57.5 

9 

90 

50 

115.0 

5 

50 

30 

69.0 

10 

100 

55 

126.5 

6 

60 

35 

80.5 

11 

110 

60 

138.0 


TABLE 6 

Head and Pressure Equivalents 


(Water Assumed at 62.5 Lb per Cu Ft) 


Head 

Feet 

Pressure, 
Pounds per 
Square Inch 

Pressure, 
Pounds per 
Square Inch 

Head 

Feet 

1 

0.434 

1 

2.304 

2 

0.868 

2 

4.608 

3 


3 

6.912 

4 

1.736 

4 

9.216 

5 

2.170 

5 

11.520 

6 

2.604 

6 

13.824 

7 


7 

16.128 

8 


8 

18.432 

9 

3.906 

9 

20.736 

10 

4.340 

10 

23.040 


these factors can be determined with any degree of accuracy and 
the deficiency must be supplied by experience and the exercise 
of good judgment. 

Information as to the pressure of water available at a building 
site can usually be obtained from the city water department’s office. 
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Water pressure is measured in pounds per square inch and in 
feet of head. Table 6 may be used to convert values in one unit 
to those in the other. 

Illustration: What pressure in pounds per square inch corre¬ 
sponds to a head of 85.3 feet? 

From table (left half) 

80 = 10 X 3.472 = 34.72 
5 = 2.170 
.3 == .1 X 1.302 = .1302 

Head of 85.3 ft 37.02 lb. per sq. in. (Ans.) 

Illustration: How many feet of head is the equivalent of a 
water pressure of 45 pounds per square inch? 

From table (right half) 

40 = 10 X 9.216 = 92.16 
5 = 11.52 

Pressure = 103.68 ft. of head (Ans.) 

Table 7 gives the recommended rates of supply to plumbing fix¬ 
tures, Table 8 the recommended sizes of water-supply pipes to 
fixtures, and Table 9 the sizes of branch water-supply pipes to 
fixtures. There should be neither an increase nor a decrease in the 
size of a branch pipe between the fixture it serves and the riser or 
branch from which it obtains its water. 

The determination of the proper size of a riser or branch to 
serve a number of fixtures involves a consideration of the probabil¬ 
ity of simultaneous use of these fixtures. Thus, in the case of the 
one-family house shown in Fig. 4, it is conceivable that the bath 
tub E, the water-closet H, the sink 7, and the garden hose R might 
be used simultaneously. What should then be the size of the riser 
beyond the water meter? Referring to Table 9, next to the last 
column (except for the garden hose), we find that the individual 
pipe sizes for the fixtures named would be f in., § in., f in., and 
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TABLE 7 

Recommended Rates op Supply to Plumbing Fixtures 


(Gallons per Minute) 


Fixture 

Recommended by 

H. E. 
Babbitt * 

A. Buenger t 

W. S. 
Timmis t 

Copper 
and 
Brass § 

Fair 

Good 

Excellent 

Bath tub. 

10 

3 

4 

6 

15 

10 

Wash basin. 

2 

2 

3 

4 

4 

5 

Manicure table... . 

.... 

1 


2 


.... 

Slop sink. 

5 

3 

4 

6 

15 


Pantry sink. 

1 

2 

4 

6 


.... 

Kitchen sink. 

5 




15 

10 

Shower bath. 

6 

4 

6 

8 

8 

5 

Bidet. 

1 



.... 



Drinking fountain. 

1 


.... 

.... 


.... 

Laundry tray. 

5 

4 

6 

8 


10 

Urinal. 

4 

.... 

.... 


6 


Hot water heater. . 

5 





.... 

Water closet. 

5 

.... 

.... 


8 

5 

Water-closet flush 







valve. 

50 

.... 



30 

30 

Garden hose. 

12 





10 


• Plumbing, McGraw-Hill, p. 64. 

t Jour, Am. Soc. Heat. Vent. Engra., Vol. 26, p. 701, 1920. 
t Ibid., Vol. 28. p. 397, 1922. 

S Practical Braes Plumbing, Copper and Brass Research Association. 

§ in., respectively. The next problem is then to determine what 
size pipe will carry as much water as these four combined. From 
Table 10 we note that one |-inch pipe is equivalent in capacity 
to 2.8 §-inch pipes. Using this table we can reduce each branch 
pipe to terms of equivalent i-inch pipes. Thus, 

1—f-inch pipe = 2.8—§-inch pipes 
1—i-iiich pipe = 1.0—J-inch pipe 
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1—f-inch pipe = 2.8—J-inch pipes 
1—^-inch pipe = 1.0—|-incfi pipe 

Sum equivalent to 7.6 |-inch pipes 

Referring this sum to Table 10 we find that the corresponding 
single pipe would be between 1 inch and 1^ inches. Experience 
would probably dictate that the 1-inch size would be ample. 

TABLE 8 

Recommended Sizes of Wateb-Supply Ptpes to Fixtures * 

(Standard Wrought Pi])e) 

Sizes based on pressure drop of 30 lb per 100 ft. 

Hot-water faucets to be disrejsanled when estimating sizes of risers and mains. 


Number of Fixtures 


Fixture 

1 1 

2 

4 

8 

12 

\ 

16 

24 

32 

40 

Water closet: 

Tank: 

Gpm. 

8 

16 

24 

48 

60 

80 

96 

128 

150 

Pipe size, inches. 

H 


1 

IH 

\K 

IK 

2 

2 

2 

Flush valve: 

Gpm. 

30 

60 

80 

120 

140 

160 

200 

250 

300 

Pipe size, inches. 

1 


IM 

2 

2 

2 

2K 

2K 

2K 

Urinal: 

Tank: 

Gpm. 

6 

12 

20 

32 

42 

66 

72 

90 

120 

Pipe size, inches. 


h 

1 

IK 

IK 

IK 

IK 

2 

2 

Flush valve: 

Gpm. 

25 

37 

45 

75 

85 

100 

125 

150 

176 

Pipe size, inches. 

1 

m 

IK 


IK 

2 

2 

2 

2 

Wash basin: t 

Gpm. 

4 

8 

12 

24 

30 

40 

4S 

64 

76 

Pipe size, inches. 

n 

H 

K 

1 

1 

IK 

IK 

IK 

IK 

Bath tub: 

Gpm. 

15 

30 

40 

80 

96 

112 

144 

192 

240 

Pipe size, inches. 

% 

1 

IK 

IK 

2 

2 

2 

2K 

2K 

Shower bath: 

Gpm. 

8 

16 

32 

64 

96 

128 

192 

266 

320 

Pipe oize, inches. 



IK 

IK 

2 

2 

2K 

2K 

3 

Sinks,! slop, kitchen: 

Gpm. 

15 

25 

40 

64 

84 

96 

1 

120 

150 

200 

Pipe size, inches. 


1 

IK 

IK 

IK 

2 

2 

1 

2 • 

2K 


* W. S. Timmis, Jour, Am. Soc. Heat. Vent. Engre., Vol. 28, p. 397, 1922. 
t Each faucet. 
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TABLE 9 


Sizes of Branch Water-Supply Pipes to Fixtures, Inches 


Fixture 

U. S. 

Department 
of Commerce 
Recommen¬ 
dation, 
Minimum 
Size ♦ 

Recommendation by 

W. S. L. Cleverdon t 

Recommendation by 

Copper and Brass t 

Pressures, Pounds 
per square inch 

Pressures, Pounds 
per square inch 

6 to 16 

Over 16 

Low, 

under 

40 

Medi¬ 

um, 

40 to 70 

High. 

over 

70 

Bath tub 4 ft long. 


H 

Hto H 

1 

H 

H 

Lavatory... 

5^ 

H 

H 


H 

H 

Water-closet tank. 

H 


H 


H 

H 

Water-closet flush valve. 


IH to IH 

1 

IH 

1 

H 

Pantry sink. 


H 

H 

H 

H 

H 

Kitchen sink. 


Hto H 

H to H 

H 

H 

H 

Slop sink. 


K 


H 

H 

H 

Laundry tray. 

H 1 

Htol 

Hto H 



Hot-water boiler. 

H 

Htol 

Hto H 




Shower. 




H 

H 

H 

Urinal tank. 


H 

H 

Urinal flush valve. 


HtoH 

H 

H 

H 

H 

Garden hose. 



Foot bAth. 


Hto H 

H 




Bidet. 


Hto H 

H 




Drinking fountain. 



H 

H 

H 







♦ Hoover Report, 1923. 

t Waier Supply of Buildina* and Rural Communities^ D. Van Nostrand. 
$ Practical Brass Pips Plumbing, Copper & Brass Research Association. 


TABLE 10 

Equivalent Pipe Sizes 

(The niimber of J^-in pipes which will discharge as a single pipe of another 
size for the same pressure loss.) 


Size of Pipe, Inches 


H 


1 






4 

5 

6 

Number of J4-in pipes 













with same capacity... 



2.8 

5.7 


15.6 

32.0 

55.8 

88.3 

181 

316 

498 
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Let us consider another example, that of a riser leading to a 
theater washroom and serving 4 water-closets with flush valves, 
8 urinals with flush valves, and 2 wash basins. During the inter¬ 
mission of a performance, these facilities would be so heavily taxed 
that simultaneous usage would be the s^est assumption in com¬ 
puting the size of the riser. Referring this time to Table 8, we 
note that the sizes of pipes to serve these groups of fixtures are 
li in., 1| in., and i in., respectively. Referring next to Table 10, 
the equivalent number of §-inch pipes are, 

l^-in. = 15.6 ^-inch pipes 

IJ-in. = 15.6 i-inch pipes 
^-in. = 1.0 ^-inch pipe 

Total 32.2 §-inch pipes 

Sizes of Copper and Brass Pipe.—Iron pipe carrying soft or 
corrosive water will rust even if galvanized. The rust forms a 
spongy mass which seriously impedes the flow of water. The 
calculations for the wrought-iron pipe sizes above, took a certain 

TABLE 11 

Non-Fbrbous Pipes of Capacities Equaij to Wrought Iron or SteeIi 

Pipes, Inches 


Copper, 
brass or 
lead pipe, 
any water 

Wrought Iron or Steel Pipe 

Hard 

Water 

Soft 

Water 

Corrosive 
Water or 
Softened 
Water 

Va 

H 






H 


H 

K 

1 

H 


1 

IK 

1 

1 

1 

iJi 1 

IK 
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amount of this reduction into account. Therefore, if copper, 
brass, or lead pipe is used a smaller pipe size than that arrived at 
by these calculations may be used. Table 11 gives the equivalent 
non-ferrous pipe sizes which may be used. 

Piping Installation.—Every plumbing installation should fol¬ 
low a building plan or a sketch showing the pipe sizes and the 
locations and general arrangement of fixtures. Figures 6 and 7 
illustrate the standard conventions by which piping and fixtures 


5YMBOLS FOR PLUMBING FIXTURES 

PLAN CHARACTER. PLAN CHAPACTE^l PLAN CHAP.ACTEP. PLAN 

[7 ■ 'll %Ld*aimRo>w [^{ (^] J.— 

(pB.Ntli.Tu 5 ^ KiTCHEH’SiNK. ^ WATtft O.OitT ^ pEOtilAuLAVATOCf LQJ 

Built In Tuft L - - l| K^tcht.m Smyr fal—] Wall Uwnal WallLayatohy 

Rpu-PjM Txih —\ Kjtcheh Sink Pldejtal Uwnal (puNtuLAVAmY ^ 


Showep^tau V0>\ Wash i5injc 


^TALlUiUNAV IoI MankuuLavatow GZD 


^ITZ 3aTH ^LOP ^1 TliQUGH ... PtHTAU LaVATOB.Y 

UWNAV U—^ 

Foot Ba^h *^3" LaunpwTrays DQI Hose Pacie DRiNKanGfouNTAm © 

ttK. t)B.r 

Bidet 3mK.ETRAY^. 1 [l1i3| Hose Bid Wall Hung 


HoTVAttR,TAN»C 


(omwnation Pi 


1.Gas Outlet 


IPWNWNC foONTAlN 


1 JcAlE 


Wateb Heatep. © I Washing Machine @ K^cuum Outlet 

1 I 

DRAIN SYMBOLS 

CHAGACTEIi. PLAN CHARACTER PLAN CHARACTER. PLAN 

Floor. Drain Du0 bSa?erVaw?i>'^B Cleanout @ 

/hower. Drain DilEI kEFRiGERAToa Brain Oaffl Grxase Separator c/ O 

Carace Drain Oi^Q] RoorVuMP Oil Separator* oy-S 


Fia. 6. 
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SYMBOLS FOR EXPOSED PIPING 


CHARACTER 
S^niiary ^eweraje 
5oll Stdclc 
Waste Stdctc 
Vent Stack. 

Combined Sewerage 
Storm Sewerage 
Roof IzAdzr 
Indirect Waste 
Industrial Sewerage 
Acid or Chemical Waste 
cold City Water 
Hot City Water 
Cir Hot City Water 
Chilled Drinking Water 
Fire Line 

Cold Indastrial Water 

Hot Industrial Water 

Cir. Hoi Industrial Water 

Air 

Gas 

Oil 

Vacuum cleaner 
Local or Surface Vent 


PLAN 

O 

(mV- 


LIN& 


©- 

- 

^+-4. 




BAND 

BAND 

INITIAL 

COLOR. 

'■'! 5AN 1 

Blue 

— 

19 

- Tws 1 


--1 vs 1 


•+—1 cs 1 

M 

• — ISTOBMI 

Green 

— f rO 

- 

—i....!2Lj 

w 

i-H 15 1 


-Uw-J 

m 






k—e--H P-9--1 10'--* 

DIMENSIONS OF PIPE CHANNELS TO ACCOMMODATE VARIOUS SIZE PIPES 


Fig. 7. 
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axe shown on building drawings. In new buildings, the pipes 
that are to be concealed should go in after the framing is erected. 
If the drawings do not show the “ roughing in ” dimensions of the 
fixtures, these should be obtained, similar to those shown on 
pages 469 to 462. Piping should be so located that there will 
be no danger of water freezing it in a building normally heated. 
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“ Horizontal ” water pipes should be pitched inch per foot 
towards the supply pipe so that the entire system may be drained 
by a stop-and-waste valve just inside the cellar wall. Soil and 
waste pipes should be sloped at least J inch per foot toward the 
sewer. No sags or pockets in which watqr will freeze should be 
permitted. 

Pipe Supports.—A sure way of insuring proper slope on align¬ 
ment of pipes is adequate support. For horizontal pipes f-inch 
and larger, pipe hangers should be about 10 feet apart; for §-inch 



Copper and Brass Research Ass^n. 


Fig. 9. —Loops for Expansion; 
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and f-inch pipe not more than 6 or 8 feet apart. Figure 8 shows 
several different types of pipe hangers. 

Expansion of Pipe.—Pipes expand with an increase in temper¬ 
ature, and when a pipe is long or the change in temperature apt 
to be great, definite provision must be made to care for this 
expansion. Pipes passing through concrete or plastered walls 
should be given freedom of movement by passing them through a 
sleeve. Either expansion joints, loops, or swing joints (Fig. 9) 
must be used between fixed supports when the movement is apt 
to be great. 

The change in length or the linear expansion in inches for a 
pipe 100 feet long can readily be computed from the formula 

E = 100X12 XkX (h- tz) 

when E = expansion in inches per 100 feet of length; 

k == the n te of increase per degree of temperature, called 
the coefficient of expansion (this varies with the 
material, see Table 12); 

ti = the highest temperature the pipe will reach; 
t 2 — the lowest temperature the pipe will reach. 


TABLE 12 

Coefficients op Linear Expansion 


Material 

Coefficient of 
Expansion per 
degree 
Fahrenheit 

Change in 
length per 100 
ft per 100 
degree change 
in temperature, 
in. 

Wrought iron. 

.0000067 


Copper. 

.0000093 

IH 

Brass. 

.0000104 


Cast iron. 

.0000059 

iHe 

Steel. 

.0000067 


Lead. 

.0000159 

1% 
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IiiLtrsTKATiON: In Fig. 10 what will be 
the change in length of the riser between 
the first and the fifth floors if its tempera¬ 
ture changes from 32° F to 212° F? 

= 100 X 12 X fc X (<i - «2) 

F: = 100 X 12 X 0.0000104 X (212 - 32) 
E = 2.25 inches per 100 ft 

2.25 

Then the expansion for 50 ft. is —— = 11' in. 

A 

(Ans.) 

Illustration: What would be the 
change of length of a wrought-iron riser in 
place of the brass in the preceding illus¬ 
tration? 

= 100 X 12 X A; X (^i - fo) 

= 100 X 12 X 0.0000067 X (212 - 32) 
E == 1.447 inches per 100 ft 
Then the expansion per 50 ft is 

= If in. (Ans.) 


Steel I 
Bewn at , 
Fifth Floor 


1 or more 
Clearance 
here, for 
Expansion 

Branch to 
Fixtures 


'^Brasa Pipe 
Hot Water 
Riser with 
Expansion 
Upward 


Steel I 
Beam at 
First Floor 


Wrought Pipe.—Pipes for water supply 
and waste disposal are made of wrought I 

iron, wrought steel, cast iron, copper, brass, -^C [| Q \ 
and lead. Wrought-iron pipe is, whether copper and Bra,, Regard, 
galvanized or black, most commonly used 
for the water supply plumbing of buildings. iO. — Clearance 

Wrought steel is less commonly used be- for Expansion, 
cause it has a greater tendency to rust. However, where very 
high pressures are encountered its use may be the more desirable. 
Wrought pipe is specified by nominal inside diameters up to twelve 
inches; above twelve inches the pipe is known as O.D., or outside 
diameter pipe and is specified accordingly with the desired thickness 
of walls. Standard'' pipe is used for pressures up to 125 pounds 
per square inch. Extra strong and ‘‘ double extra strongpipe 

are used for higher pressures. The extra thickness is gained by 
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TABLE 13 

Standard Wrought Pipe 


Sise, 

In. 

Diameters, 

Inches 

Thick¬ 

ness, 

Inches 

Weight per 
Foot, Pounds 


Length of Thread, 
Inches 

(Distance E in 
Fig. 19) 

Taper 

per 

Foot, 

Inch 

Hydro* 

static 

Test, 

Pounds 

Ex¬ 

ternal 

In¬ 

ternal 

Plain 

ends 

Threads 

and 

coup¬ 

lings 

Threads 

per 

Inch 

H 

.405 

.265 

.070 

.244 

.245 



.376 


760 

H 

.540 


.090 

.424 

.425 



.569 

h 

760 

H 

.675 

.489 

.093 

.667 

.568 


Ms 

.574 


760 

H 

.840 

.618 

.111 

.850 

.852 

14 

H 

.748 

h 

760 

H 

1.050 

.820 

.115 

1.130 

1.134 

14 

H 

.760 

H 

750 

1 

1.315 

1.043 

.136 

1.678 

1.684 

11^ 

»Ms 

.944 


760 

IH 

1.660 

1.374 

.143 

2.272 

2.281 

IIH 

1 

.968 


760 

IH 


1.604 

.148 

2.717 

2.731 

iiy2 

1 

.984 

h 

750 

2 

2.375 

2.059 

.158 

3.652 

3.678 

UH 

1 

1.017 

h 

1000 

2H 

2.875 

2.459 

.208 

5.793 

5.819 

8 

IH 

1.612 

H 

1000 

3 



.221 

7.676 

7.616 

8 

IMs 

1.676 

H 

1000 

3H 

Warn 

3.538 

.231 

9.109 

9.202 

8 

IH 

1.625 

H 

1000 

4 


4.016 

.242 


10.889 

8 

VHa 

1.675 

H 

1000 

4H 

5.000 

4.496 

.252 

12.538 

12.642 

8 

IH 

1.725 

H 

1000 

6 

5.563 

6.037 

.263 

14.617 

14.810 

8 

IH 

1.781 

H 

1000 

6 

6.625 

6.053 

.286 

18.974 

19.185 

8 

IH 

1.887 

H 

1300 

7 

7.625 

7.011 

.307 

23.544 

23.769 

8 

2 

1.987 

H 

1000 

*8 

8.626 

8.059 

.283 

24.696 


8 

2H6 

2.087 

H 

800 

8 

8.625 

7.967 

.329 

28.554 

28.809 

8 

2Hs 

2.087 

H 

1000 

9 

9.625 

8.927 

.349 

33.907 

34.188 

8 

2M6 

2.187 

H 

900 

♦10 

10.750 

10.182 

.284 

31.201 


8 

2M6 

2.300 

% 

600 

*10 



.313 

34.240 

35.000 

8 

2Ms 

2.300 

V4, 

800 

10 

10.750 

10.006 

.372 

40.483 

41.132 

8 

2M6 

2.300 


900 

11 

11.760 

10.986 

.382 

45.557 

46.247 

1 ® 

2H 

2.400 


800 

*12 

12.760 

12.078 

.336 

43.773 


8 

2H 

2.500 

Vi, 

600 

12 

12.750 

11.986 

.382 

49.562 

60.706 

8 

2H 

2.600 


800 

14 

14.000 

13.250 

.375 

53.510 

55.712 

8 

2H 

2.625 

Va. 

700 

15 

15.000 

14.250 

.376 

57.437 

59.859 

8 

2K 

2.725 

H 

700 

16 

16.000 


.375 

61.364 

63.927 

8 

2i^8 

2.825 


600 

17 

17.000 

16.250 

.375 

65.292 

69,436 

8 

2»Me 

2.925 

Va, 

550 

18 

18.000 

17.250 

.375 

69.219 

73,681 

8 

3 

3.025 

Va. 

650 

20 



.375 

77.073 

82.078 

8 

3H 

3.225 

Va, 

550 


* Unless specified the lighter weight will not be furnished. 
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maldng the bore smaller, the nominal diameter remaining the same. 
Figure 11 shows a comparison of the cross-sections of f-inch pipe 
of the three different weights. Table 13 gives the dimensions of 



Standard Extra Heavy Double Extra Heavy 

Fig. 11.—Full Size Sections of |-in; Pipe. 


standard wrought pipe. This pipe is sold in random lengths 
averaging 20 feet, threaded unless otherwise ordered and with one 
coupling on each length. Extra strong and double extra strong 
are also sold in random lengths but generally with plain ends. 
Table 14 gives the dimensions of these sizes. 


TABLE 14 

Extra Strong and Double Extra Strong Pipe 


Nominal 

Size, 

In. 

External 

Diameter, 

Inches 

Internal 

Diameter 

Nominal 

Size, 

In. 

External 

Diameter, 

Inches 

Internal 

Diameter 

Extra 

Strong 

Double 

Extra 

Strong 

Extra 

Strong 

Double 

Extra 

Strong 

H 

0.405 

0.215 


VA 

1.900 

1.500 

1.100 

H 


0.302 


2 

2.375 

1.939 

1.503 

% 

0.675 

0.423 


2A 

2.875 

2.323 

1.771 


0.840 

0.546 


3 

3.500 

2.900 

2.300 

H 

1.050 

0.742 

0.434 


4.00 

3.364 

2.728 

1 

1.315 

0.957 

0.599 

4 

4.50 

3.826 

3.162 


1.660 

1.278 

0.896 






Cast-Iron Pipe.—Pipe of cast iron is universally used in 
municipal water distribution i^stems. In the case of a large 
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building or factory, the service pipe may be of this material. 
Cast-iron pipe of lighter weight is also generally used for the 
drainage plumbing of buildings. Sizes of the water pipe range 
from 3 inches to 84 inches nominal inside diameter and the standard 
length of bell-and-spigot sections is 12 feet. The dimensions of 
this pipe and fittings have been standardized by the American 
Water Works Association as given in Tables 15, 16, 17, 18, 19, 
20, and 21. 

Pipe of Other Materials.—Copper and brass pipe is made to 
the dimensions of standard and extra heavy wrought pipe as 
given in Tables 13 and 14. 

Lead pipe is manufactured in sizes from | inch to 12 inches 
with thickness varying with the change in diameter. It is smooth, 
lasting, and pliable, but requires expert attention to achieve 
smooth soldered or wiped joints. 

Vitreous clay sewer pipe is manufactured with nominal internal 
diameters ranging from 4 inches to 42 inches and bell-and-spigot 
ends. The 4- and 6-inch pipes are 2 feet long, from 8 to 24 inches 
they come in 2-, 2§-, and 3-foot lengths, and above that in only 
3-foot lengths. 



Fig. 12,—Plumbing Tools. 


A, pouring ladle; B, cold chisel; C, calking iron; D, yarning iron; Et asbestos or 
rubber pipe jointer; F, melting pot; (7, gasoline blast furnace; H, home-made pipe bender; 

pipe vise; J, stock and die for threading pipe; X, pipe reamer; L, three-wheel pipe 
cutter; M, 14-inoh pipe wrench; N, brass pipe wrench; 0. hammer; P, file; Q, monkes' 
wrench; P, soldering copper; S. measuring tape; P, plumb bob; t/, spirit level; V, measur¬ 
ing rule. 
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Pipe Joints.—Wrought-iron, wrought-steel, brass, and copper 
pipes are joined to each other by threaded or flanged couplings, 
unions, or fittings, or by welding. These pipes are usually cut 
and threaded on the job to suit the requirements. Bell-and- 
spigot cast-iron pipes are joined by first ramming a strand of 
oakum or jute into the bottom of the joint space and then filling 
the remainder of the space with poured lead or calked lead wool. 

The cutting, threading, calking, and joining of pipes requires 
a certain number of specialized plumbing tools which are illustrated 
in Fig. 12. 

TABLE 15 

Standard Dimensions of Cast-Iron Water Pipe * 


(See Fig. 13) 


Nom¬ 

inal 

diam., 

inches 

Classes 

Actual 

outside 

diam., 

inches 

Diam. of sockets | 

Depth of sockets 1 

i 

j 

A, 

in. 

B, 

in. 

c, 

in. 

Pipe, 

inches 

Special 

castings, 

inches 

1 

Pipe, 

inches 

Special 

castings, 

inches 

4 

A 

4.80 

6.60 

6.70 

3.60 

HI 

1.6 

1.30 

.65 

4 

B—C—D 

6.00 

6.80 

6.70 

3.60 

HSi 

1.6 

1.30 

.65 

6 

A 

6.90 

7.70 

7.80 

3.60 


1.6 

1.40 

.70 

6 

B—’C*””!) 

7,10 

7.90 

7.80 

3.60 

4.00 

1.6 

1.40 

.70 

8 

A—B 

9.06 

9.85 

10.00 


4.00 

1.6 

1.60 

.76 

8 

C—D 

9.30 

10.10 

10.00 


4.00 

1.6 

1.50 

.75 

10 

A—B 

11.10 

11.90 

12.10 


4.00 

1.6 

1.50 

.76 

10 

C—D 

11.40 

12.20 

12.10 


4.00 

1.5 

1.60 

.80 

12 

A—B 

13.20 

14.00 

14.20 

4.00 

4.00 

1.6 

1.60 

.80 

12 

C—D 

13.60 

14.30 

14.20 

4.00 

4.00 

1.5 

1.70 

.85 


* Adopted by American Water Works Association, May 12, 1908. 



Fig. 13.—Dimensions of Standard Cast-Iron Water Pipe. 
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TABLE 16 

Standard Thickness and Weights op Cast-Iron Pipe * 


Nom¬ 

inal 

Class A 

100-ft. head 
43-lb, pressure 

Class B 

200-ft. head 
86-lb. pressure 

Class C 

300-ft. head 
130-lb. pressure 

Class D 

400-ft. head 
173-lb. pressure 

inside 

diam- 









eter, 

Thick- 

Weight 

Thick- 

Weight 

Thick- 

Weight 

Thick- 

Weight 

inches 

ness, 

per 

ness, 

. per 

ness, 

per 

ness. 

per 

inches 

length, 

pounds 

inches 

length, 

pounds 

inches 

length, 

pounds 

inches 

length, 

pounds 

4 

111 


m 

260 

wBi 

280 

0.62 

30C 

6 

m 



400 


430 


460 

8 

m 



570 

0.56 

626 


670 

10 

m 



766 

0.62 

850 

0.68 

920 

12 

0.64 



986 

0.68 

1100 

0.75 

1200 


* Adopted by American Water Works Association, May 12, 1908 




Fig. 14. — Standard Bell-and-spigot Curves. 
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TABLE 17 

Standard Cast-Iron Pipe Curves • 


(See Fig. 14) 



]4, Curves 

H Curves 

Nominal 
Diam., In. 

Dimensions, 

Inches 

Weight, 


k 

Weight, 

r 

k 

pounds 

r 

1 

pounds 

4 

16 

22.60 

82 

24 

18.40 

66 

6 

16 

22.60 

130 

24 

18.40 

105 

8 

16 

22.60 

200 

24 

18.40 

150 

10 

16 

22.60 

278 

24 

18.40 

202 

12 

16 

22.60 

366 

24 

18.40 

265 


Curves 

y^2 Curves 

Nominal 
Diam., In. 

r 

k 

Weight, 

pounds 

■ 

■ 

Weight, 

pounds 

4 

48 

ra 

66 


23.52 

66 

6 

48 


105 


23.52 

104 

8 

48 

18.70 

150 

120 

23.52 

150 

10 

48 

18.70 

202 

120 

23.52 

192 

12 

48 

18.70 

265 

120 

23.52 

250 


S 8 inches on sizes 4 and 6 inches. 

S 10 inches on sizes 8 inches. 

S a 12 inches on sizes 10 to 36 inches. 

S a 6 inches on H Curves on sizes 4 to 30 inches inclusive. 
S a 6 inches on Ms Curves on sizes 4 to 12 inches inclusive. 
All weigUts Me approximate. 

* Ameiioan Water Works Association Standard. 



























TABLE 18 

Dimensions op Standard Crosses, Tee Branches, Y-Branches and Blow-Off Branches 

(See Fig. 15) 
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Blow-offs 

Weight, 

pounds 

227 

286 

300 

365 

379 

Dimen., inches 

cu 

00 00 o o 

rH ^ 

- 

W N N W (M 

^ rH rH rH 

Y-Branches 

Weight, 

pounds 

103 

181 

291 

434 

632 

Dimension, inches 

a. 

10.50 

13.00 

16.00 

18 50 

21.50 

OQ 

11.50 

13.00 

14.00 

15.50 

15.50 

Crosses and tees 

Weight, poimds 

4-Way 
Branches 

% 

coco;DC^»o 1>»C0 
wcocoeo^ usco 

GQ 

% 

CQ 

C0'«!t<t^C005 l-^eOOO^OT^^ T-lrnri^Q eOiOT-4 

locooc^^o ocor-o>c^ i>o»o 

rHrHC^C^W C0C0CQC0Tt< I0050 

3-Way 
Branches 

3 Bells 

120 

128 

170 

183 

200 

255 

270 

294 

338 

352 

371 

395 

445 

458 

474 

491 

512 

2 Bells 

121 

125 

173 

185 

203 

262 

278 

301 

356 

371 

389 

414 

473 

486 

502 

519 

540 

Dimension, 

inches 

PQ 

COCOCOtJ^tJH iO»C 

i-H 1—4 iM i*H T— ( r>^ 1—4 tH 1—4 i—4 r—4 i-H i—4 i— 4 »—4 r—( 

CQ 

OIC^CSC^CSI (NOICSC^C^ C4C4(NCN<N 

< 

i-ii-tc^(NC^ cococO'^Tt< lo in lo mm 

1-H 1-H T— ( 1-H 1-4 rM ^ i—4 ^ i—4 i-H t-4 ^ i—4 i"4 »—4 

'i i «> 

Branch 

C0tJ4c0"'*<« xo-^^ox oc^i 

T— 4 ?— 4 1—4 

5 3 -S 

Hun 

rn rii no m m xxxoo ooc^jwc^ 

1-41-4 1—11—4l-4i-4i—4 1-41—4 


* American Water Works Association Standard, 
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Cross and Tee Y-Branch Btow-off 

Fig. 15.—Standard Special Castings for Water. 




Fig. 16.—Standard Reducers and Increasers. 
TABLE 19 


Dimensions of Reducers and Increasers * 


Nominal 

diam., 

inches 

Type No. 1 

Type No. 2 

k 

m 

r 

Weights, Pounds 

Weights, Pounds 

Large 
End Bell 

Small 
End Bell 

Spigot 

Ends 

Large 
End Bell 

Small 
End Bell 

e 

f 

6 


HQ 


3 

99 

88 

82 

104 

97 

8 



12.70 

4 

131 

108 


132 

119 

8 

6 

3.90 


4 

149 

138 

121 

160 

143 


4 

7.10 


5 

164 

132 

131 

162 

146 


6 

6.00 


5 

181 

160 

150 

180 

169 


8 

4.40 

13.60 

5 

205 

195 

170 

201 

198 

12 

4 






163 

201 

179 

12 

6 

7.90 


6 

225 

191 


218 

202 

12 

8 

6.60 


6 

246 

224 


240 

231 

12 

10 

4.80 

m 

6 

271 

260 


267 

261 


Type No. 1: All sizes n ** 2 in., 1 = 30 in., and s = 10 in. 

Type No. 2: All sizes s » 8 in., all these sizes v = 18 in. 

* American Water Works Association Standard. 
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Fig. 17. — Standard Cast-iron Sleeve and Off-set. 


TABLE 20 

DiMlfiNsiONS OP Standard Cast-Iron Sleeve and Opp-Sets * 
(See Fig. 17) 


Sleeves 


Offsets 


Nom¬ 

inal 

diam., 

inches 

Dimension, in. 

Weight, 

pounds 

Nom¬ 

inal 

diam., 

inches 

Dimension, inches 

Weight, 

pounds 

D 

H 

k 

8 

n 

r 

1 

4 

6.80 

10 


■I 

13.86 

10.00 

2.00 

8 

35.86 

91 

4 

6.80 

16 


■1 

24.25 

10.00 

2.00 

14 

46.26 

183 

6 

7.90 

10 


8 

26.00 

10.00 

2.00 

16 

48.00 

280 

6 

7,90 

16 



27.70 

10.00 

2.00 

16 

49.70 

390 

8 

10.10 

12 



29.45 

10.00 

2.00 

17 

61.46 

630 

8 

10.10 

16 

119 








10 

12.20 

12 

123 








10 

12.20 

18 

176 








12 

14.30 

14 

174 








12 

14.30 

18 

223 









* American Water Works Association Standard. 



Fig. 18.—Standard Cast-Iron Cap and Plug; 
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TABLE 21 

Dooinsionb of Standabd Cast-Ibon Caps and Plugs * 


(See Fig. 18) 



Caps 

* Plugs 

Nominal 



Dimension, in. 


diam., 



Weight, 




Weight, 

inches 






D 

0 

pounds 

e 

f 

L 

1 

pounds 

4 

4.00 


26 



5.50 

8 

6 

4.00 

■b 

40 



5.50 

14 

8 

4.00 

10.00 

59 

9.15 

9.65 

5.50 

24 

10 

4.00 

12,10 

81 1 


11.70 

6.00 

38 

12 

4.00 

14.20 

104 

13.30 

13.80 

6.00 

50 


* American Water Works Association Standard. 


Pipe Threads.—Pipes and fittings are threaded to the Ameri¬ 
can National Pipe Thread shown in cross-section in Fig. 19. 


. ^ Length of TTtrmod 



A ■ 

£ •(aaoD^£8jP 


Fig. 19.—American National Pipe Thread. 


Female threads are cut on the fittings by the manufacturer so that 
the plumber's only practical concern is the cutting of male threads 
on pipes. This he does by the use of a die selected for the proper 
pipe size and held in a stock as shown in J in Fig. 12. When 
the full length of the die is run onto the pipe so that the pipe end 
is flush with the face of the die, the correct length of thread is 
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cut. The number of threads per inch and the effective length E 
(Fig. 19) for pipes of various sizes is given in columns 7, 8, and 9 
in Table 13. The latter figures will be used in connection with 
piping measurements. 

Pipe Fittings.—Couplings, tees, elbows, crosses, etc. used for 
joining pipes, making branches, turns, etc., are called fittings. 
Small pipes are usually ‘^made up^^ with screwed or threaded 
fittings. The sizes of fittings are identified by the nominal pipe 
size. In the case of reducing tees and crosses, the size of the 
largest run opening is given first, followed by the size of the opening 
at the other end of the run. Where the fitting is a tee, the size 



2 

+’ 

i - 

i* 

_ _ ^3 

1 ATPPAt 

, 1" 


f 

3 ^ - 24 

1, 



3X2XI4XI 

CROSS 


2XI4xI tee 3X24X1 lateral 


Fig. 20. —Specifications of Fittings. 


of the outlet is given next. Where the fitting is a cross, the 
largest opening is the third dimension followed by the opposite 
opening. Fig. 20 illustrates these conventions. 

The assembling of pipes larger than 4 inches with screwed 
fittings is often cumbersome. For the larger pipe sizes it is, there¬ 
fore, customary to use flanged fittings. In this case the pipes 
are threaded and flanges screwed onto them, but the fittings have 
their flanges cast into place. 

Two pieces of straight pipe may be joined either by a threaded 
coupling or, when making up the last joint or where it is desirable 
to have a joint which may readily be dissembled, by a union, 
either screwed or flanged. 

A short piece of pipe (usually less than 12 inches) threaded 
at the ends is called a nipple. A close nipple is about twice the 
length E in Fig. 19 and is threaded all the way. 

Many of these fittings are illustrated in Figs. 21 to 29 and 
their dimensions are given in Tables 22 to 29. 
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KAH 



EJbouu 



Fig. 21.—125-lb. Cast-Iron Screwed Fittings. 


_J 


1 

■ 


5 


tl 



JLLJ 

zr 


Typical Section 


TABLE 22 

Dimensions of Cast-Iron Screwed Fittings • 
(See Fig. 21) 


All dimenetona given in inches. 


Nominal 
pipe size, 
in. 

Standard 
(126 lb) 

Extra Heavy 
(250 lb) 

Nominal 
pipe size, 
ill. 

Standard 
(125 lb) 

Extra Heavy 
(250 lb) 

A 

C 

B 


A 

• 

C 

B 

C 

H 


H 

1^8 

»-}i® 

3H 

3M8 

2H 

BH 

2H 




IMa 

Jh 

4 

zmfi 

2H 

4H 

2»M8 


IH 

H 

IK 

1 

5 

4H 

3Vi« 

4H 

3Me 

H 

IMa 

1 

1M8 

IH 

6 

6H 

37(8 

6H 

3H 

1 

1^ 

IVs 

IVs 


8 

6918 

4K 

7 

4M8 

IH 

IH 

1M8 

Win 

IH 

10 

8M8 

6^'i 8 

8H 

5H8 



V/ia 

2K 

l‘Me 

12 

9H 

6 

10 

6 

2 

2H 

1»H« 

2K 

2 

14 0.D. 

lOH 


11 


2H 

2»H9 

115^8 

21^8 

2H 

16 O.D. 

llHie 


12 H 


3 

3Hfl 

2)lfl 

3K 

2H 







* U. S. Covt. master specifications. 



Cono fiaUm C'Catr 45 '‘€ib<M T90 Ftong^ w.fh Rtavc^g T99 Flanged Itbow 

^ Wetting Neck 


Fig. 22.—Welded Pipe Fittings. 



Fig. 23. —Pipe Welds. 
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TABLE 23 


Dimensions of 125-Lb Cast-Iron Reducino Tees (See Fig. 21) 


Nominal 

Pipe Sizes 

Center to End 

Nominal 

Pipe Sizes 

Center to End 

X 

Bi 

z 

X 

Y 

Z 

HX HX Va, 

IH 

IH 

IMs 

IHX HXIH 

mu 

IH 

1>M« 

HX HX Vi 

IHs 

1H« 

1 

IHX HXIH 

l^M® 

IH 

IH 

HX Uxi 

VyU 

1M« 

IH 

IHX HXIH 

mi9 

l»Mo 

1»M® 

HX HX H 

1M« 

IH 

IH 

2 X2 X3 

2H 

2H 

2H 

HX HX H 

IH 

IH 

IH 

2 X2 X2H 


2H 

2H 

HX HX H 

1M« 

IH 

IM® 

2 X2 XIH 

2 

2 

2M® 

HX HX H 

IMa 

IH 

IH 

2 X2 XIH 

IH 

IH 

2H 

1 XI XIH 

liMs 

V^{6 

IH 

2 X2 XI 

IH 

IH 

2 

1 XI XIH 

2H 

2H 

IH 

2 X2 X H 


IH 

2 

1 XI X H 

IH 

IH 

IH® 

2 X2 X H 

IH 

IH 

IH 

1 XI X H 

IH 

IH 

IH 

2 X1HX2H 

2H 

2H 

2H 

1 XI X H 

1H6 

1^9 

IH 

2 XIHX2 

2H 

2M« 

2H 

1 X HXl 

IH 

1H« 

IH 

2 XIHXIH 

2 

mu 

2M® 

1 X HX H 

IH 

IMo 

IH® 

2 XIHXIH 

IH 

l^M® 

2H 

1 X HX H 

IH 

IMfl 

IH 

2 XlHXl 

IH 

IH 

2 

1 X HXl 

IH 

IH 

IH 

2 XIHX H 

MM 

IH 

2 

1 X HX H 

IH 

IH 

IH® 

2 XIHX H 

IH 

1H« 

IH 

1 X HXl 

IH 

IH 

IH 

2 X1HX2 

2H 

2H 

2H 

1HX1HX2 


mu 

IH® 

2 XIHXIH 

2 

IH 

2Ma 

IHXIHXIH 

IH 

IH 

l^H® 

2 XIHXIH 

IH 

IH 

2H 

IHXIHXI 

IMe 

nu 

l^H® 

2 XlHXl 

IH 

l?i« 

2 

IHXIHX H 

nu 

IH® 

IH 

2 XI X2 

2H 

2 

2H 

IHXIHX H 

IMo 

1M» 

IH 

2 XI XIH 

2 

1»H® 

2M® 

IHXl XIH 

IH 

liMs 

liM® 

2 X HX2 

2H 

2 

2H 

IHXl XIH 

IH 

l>Ho 

IH 

2HX2HX4 

3H 

3H 

3Hfl 

IHXl XI 

19U 

IH 

liH® 

2HX2HX3 

3 

8 

2iM® 

IHXl X H 

1H« 

IH 

IH 

2HX2HX2 

2H 

2H 

2H 

IHXl X H 

IMe 

IH 

IH 

2HX2HX1H 

2H9 

2Me 

2H 

IHX HXIH 

IH 

IH 

IH 

2HX2HX1H 

2H® 

2Ho 

2M® 

IHX HXl 

l?is 

iH® 

1»H® 

2HX2HX1 

IH 

IH 

2H 

IHX HXIH 

IH 

IH 

IH 

2HX2HX H 

IH 

IH 

2H® 

1HX1HX2 

2^6 

2M® 

2 

2HX2 X2H 

2iHc 

2H 

2nU 

IHXIHXIH 

V9i6 

l^M® 

IH 

2HX2 X2 

2H 

2H 

2H 

IHXIHXI 

IH 

IH 

liM® 

2HX2 XIH 

2M® 

2 

2H 

IHXIHX H 

IH 

IH 

IH 

2HX2 XIH 

2H® 

IH 

27yU 

IHXIHX H 

iHe 

IH® 

PH® 

2HX2 XI 

IH 

IH 

2H 

IHXIHXIH 

IHis 

IH 

im® 

2HX2 X H 

IH 

IH 

2M« 

IHXIHXIH 

l^^s 

IH 

IH 

2HX2 X H 

IH 

IH 

2H 

IHXlHXl 

IH 

IM® 

l^H® 

2HX1HX2H 

21M® 

2H 

21H® 

IHXIHX H 

IH 

IH® 

IH 

2HX1HX2 

2H 

2M6 

2H 

IHXIHX H 

iHe 

IM® 

l^H® 

2HX1HX1H 

2M® 

mi® 

2H 

IHXl X2 

2Me 

2 

2 

2HX1 X2H 

2^M9 

2H 

21H® 

IHXl XIH 

IHis 

VH6 

1»H« 

3 X3 X4 

BH 

3H 

3M« 

IHXl XIH 

IHis 

l^H® 

IH 

3 X3 X3H 

3M« 

3M® 

3M® 

IHXl XI 

IH 

IH 

l^H® 

8 X3 X2H 

2»'M« 1 

2»9i® 1 

3 


All dimensions given in inches. 
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TABLE 23 —Continued 


Nominal 

Center to End | 


Nominal 

Center to End 

Pipe Sizes 

X 

Y 

Z 

Pipe Sizes 

X 

Y 

Z 

3 X3 X2 

2H 

214 

214 

4 

X2 

X4 

315 I 6 

3116 

3*516 

3 X3 XIH 

2^0 

2116 

21116 

4 

XiHXi 

3*516 

3516 

3*516 

3 X3 XIM 

2^i6 

2116 

214 

4 

X114X4 

3*516 

314 

3*51s 

3 X3 XI 

2 

2 

214 

5 

X5 

X6 

5 

6 

454 

3 X3 X ^ 


114 ■ 

214 

5 

X5 

X4 

4 

4 

4116 

3 X2HX3 

3M0 

3 

3116 

6 

X6 

.X314 

354 

3H 

4516 

3 X2HX2H 

2»M6 

21116 

3 

5 

X5 

X3 

314' 

314 

414 

3 X2>^X2 

214 

214 

214 

5 

X5 

X214 

3*4 

314 

414 

3 X2HX1H 

2^0 

2116 

2*lle 

5 

X6 

X2 

2*516 

2*516 

4 

3 X2^X1K 

2>M6 

2116 

2H 

5 

X5 

X114 

214 

254 

3*5l6 

3 X2HX1 

2 

114 

2>H6 

5 

X4 

X6 

414 

4116 

414 

3 X2 X3 

3M0 

214 

3H6 

5 

X4 

X4 

4 

3*51e 

411s 

3 X2 X2H 

21 M 0 

214 

3 

6 

X4 

X3 

314 

3516 

414 

3 X2 X2 

214 

214 

214 

6 

X4 

X2 

2*516 

25'4 

4 

3 X2 XIH 

2 M 0 

2 

2»ll6 

5 

X3 

X6 

414 

414 

414 

3 X1HX3 

3M0 

21116 

3116 

5 

X3 

X4 

4 

354 

411s 

3 XI X3 

3M« 

2^116 

3116 

6 

X3 

X3 

3*4 

3116 

414 

3^X3^X3 

31^6 

3116 

3516 

5 

X2 

X5 

414 

4 

414 

3HX3HX2H 

21^0 

2416 

314 

6 

X6 

X8 

654 

654 

5916 

3MX3HX2 

2H 

214 

314 

6 

X6 

X5 

4116 

4116 

5 

3HXSHXIH 

2H 

214 

3116 

6 

X6 

X4 

4H 

4H 

4*516 

3HXSHX1H 

2H 

214 

3 

6 

X6 

X3 

314 

354 

454 

SHXS X3 

31^0 

3116 

3516 

6 

X6 

X2K 

354 

354 

4*H6 

3^X3 X2H 

21 M 0 

2>ll6 

314 

6 

X6 

X2 

3H6 

3116 

4916 

3J^X3 X2 

214 

214 

314 

6 

X5 

X5 

414 

414 

5 

314X3 X114 

214 

3116 

3116 

6 

X5 

X4 

414 

4 

4*516 

314X2 X314 

3M0 

314 

3116 

6 

X4 

X6 

614 

4*516 

514 

314X114X314 

3Mo 

3H6 

3116 

6 

X4 

X4 

414 

3*516 

4*5l6 

4 X4 X6 

4'M0 

4^116 

414 

6 

X3 

X6 

614 

454 

614 

4 X4 X5 

4M« 

4116 

4 

6 

X2 

X6 

614 

4916 

514 

4 X4 X314 

391« 

3916 

31 II 6 

8 

X8 

X6 

6916 

5916 

654 

4 X4 X3 

35 I 0 

3516 

314 

8 

X8 

X5 

6 

6 

614 

4 X4 X214 

3H« 

3116 

314 

8 

X8 

X4 

414 

414 

6516 

4 X4 X2 

214 

214 

3116 

8 

X8 

X3 

4 

4 

6116 

4 X4 X114 

214 

214 

3516 

8 

X8 

X214 

3*116 

3*116 

6 

4 X4 XIH 

214 

214 

314 

8 

X8 

X2 ‘ 

3116 

3116 

5*516 

4 X4 XI 

214 

2H 

3516 

8 

X6 

X8 

6910 

654 

6916 

4 X314X3 

3M0 

3116 

354 

8 

X6 

X6 

5916 

514 

6H 

4 X314X214 

3Mo 

2^116 

314 

10 

xio 

X8 

7 

7 

714 

4 X314X2 

214 

214 

3116 

10 

xio 

X6 

6 

6 

7*116 

4 X3 X4 

31116 

354 

315 I 6 

10 

XIO 

X4 

4*516 

4*516 

714 

4 X3 X3 

3116 

3116 

314 

12 

X12 

X8 

7116 

7116 

9H6 

4 X3 X2 

4 X214X4 

4 X214X2K 

214 

31 II 6 

3H6 

214 

314 

21116 

3116 

315 I 6 

314 

12 

X12 

X6 

6116 

6116 

814 


All dimensiouB given in inches. 















Street (Service) 46^Street Street (Service) 

Elbow (Service) Elbow Tee 



Cloee 


Medium 


Open 


Figj 24.—^Threaded Malleable-Iron Pipe Fittings (150 lb.). 








TABLE 24 

Dikensioks, m Inches, of Malleable Iron Screwed Fittinos * 
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♦ U. S. Govt, master specifioatiocs. 
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Taper Tapped Taper Tapped 
Ends Reamed Ends Recessed 
Fig. 25.—Couplings. 


TABLE 25. —Dimensions of Wrought-Iron Couplings ^ 


Size 

Standard ^ 

Extra Heavy * 

Depth 

of 

Recess 

Inches 

Outside 

Diameter, 

Inches 

Length, 

Inches 

Weight, 

Pounds 

Outside 

Diameter, 

Inches 

Length, 

Inches 

Weight, 

Pounds 

Threads 

per 

Inch 



0.875 

0.030 

0.682 

1.126 


27 

0.125 

H 

0.685 

1.000 

0.044 

0,724 

1.375 


18 

0.126 

H 

0.848 

1.260 

0.072 

0.898 

1.686 

0.133 

18 

0.126 


1.024 

1.375 

0.118 

1.085 

1.875 

0.218 

14 

0.156 


1.281 

1.500 

0.214 

1.316 

2.126 

0.334 

14 

0.166 

1 

1.575 

1.760 

0.350 

1.675 

2.376 

0.470 

UK 

0.188 

IK 

1.950 

2.126 

0.646 

2.054 

2.876 

1.036 

UK 

0.188 

IK 

2.218 

2.260 

0.758 

2.294 

2.876 

1.170 

IIK 

0.260 

2 

2,760 

2.438 

1.233 

2.841 

3.626 

2.174 

llK 

0.376 

2K 

3.276 

3.126 

1.765 

3.389 

4.116 

3.433 

8 

0.375 

3 

3.948 

3.125 

2.549 

4.014 

4.125 

4.131 

8 

0.438 

3K 

4.591 

3.625 

4.328 

4.628 

4.625 

6.289 

8 

0.438 

4 

5.091 

3.625 

6.410 

5,233 

4.625 

8.155 

8 

0.438 

*4K 

5.591 

3.625 

6.984 

6.733 

4.626 

9.003 

8 

0.438 

5 

6.296 

4.125 

9.168 

6.420 

6.126 

12.870 

8 

0.438 

6 

7.358 

4.500 

10.823 

7.482 

5.126 

15.176 

8 

0.500 

•7 

8.358 

5.000 

12,390 

8.482 

6.126 

17.348 

8 

0.500 

8 

9.420 

6.000 

15.843 

9.696 

6.126 

26.626 

8 

0.500 

♦9 

10.420 

5.126 

19.762 

10.596 

6.125 

29.674 

8 

0.563 

10 

11.721 

6.126 

33.923 

11.958 

6.626 

44.156 

8 

0.563 

♦11 

12.721 

6.126 

36.970 

12.958 

6.625 

48.074 

8 

0.563 

12 

13.958 

6.125 

48.266 

13.968 

6.625 

51.991 

8 

0.563 


* Not standard sises. 

I Courtesy Reading Iron Company. 

> Sises to 1^-in., straight tapped, ends faced; 2-in. to 4H-in., taper tapped, ends 
reamed; 5*in. and larger, taper tapped, ends recessed 0.500 inch. 

3 Sises H’in- to > straight tapped, larger sises taper tapped: all sizes ends recessed. 


















TABLE 26 

Dimensions, in Inches, of Wrought-Iron Screwed Unions * 
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See Fig. 27 

A. 

B. 

D. 

E. 

No. of bolts. 

Size of bolts, in... 


* Courtesy of £. M. Dart Mfg. Co. Dimensions approximate and subject to change. 
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TABLE 28 

Dudbnbionb of Ambricak Standard 125 Lb. Cast Iron Flanobs 


Sise Inches 
I 

D 

Q 

V 

X 

r 

Dia. Bolt 
Circle 

No. of 
Bolts 

Dia. 

Bolts 

1 

4V4 

Vii 


1‘V|. 

0.68 

3‘/. 

4 

Vi 

1V4 

4V. 

V* 


2V.. 

0.76 

3‘/, 

4 

V. 

IV* 

5 

•A* 


2*A. 

0.87 

3V. 

4 

‘/i 

2 

6 

V* 


3Vi« 

1.00 

4V4 

4 

V. 

2V* 

7 . 

‘Vl4 


3Vm 

1.14 

5V* 

4 

V. 

3 

mSa 

V4 


4V4 

1.20 

6 

4 

V. 

8V. 


»A* 


4‘Vi. 

1.25 

7 

8 

V. 

4 


“A* 


6Vi. 

1.30 

7V. 

8 

V. 

6 


‘Vie 


6V.. 

1.41 

8V* 

8 

V. 

6 

tSm 

1 


7Vi. 

1.51 

9V. 

8 

V. 

8 

13V* 

IV. 


9“A. 

1.71 

IIV. 

8 

V. 

10 

16 

1V.4 


ll‘Vi. 

1.93 

14‘/4 

12 

V. 

12 

19 

l‘/4 

‘V.. 

14V,. 

2.13 

17 

12 

V. 

14 O.D. 

21 

IV. 

V. 

15V. 

2.25 

isv. 

12 

1 

16 O.D. 

23V* 

IV.. 

1 

17V* 

2.45 

21 V 4 

16 

1 

18 O.D. 

25 

IV.. 

iVi. 

19V. 

2.65 

22V4 

16 

1‘/. 



$IOC OUTLET 
Ttt 



Fig. 29.—Flanged Fittings. 



TABLE 29 For flange dimensions see Table 28. 

DnoBNSiONs OF Aicerican Standard 125 Lb. Cast Iron Flanqbd Ffttinos 


Nominal 
Pipe Size 

A 

B 

C 

2> 

B 

B 

(7 

1 

3V* 

5 

IV 4 

7V* 

6 V 4 

IV 4 


l‘/4 

3V4 

5‘/, 

2 

8 

6V. 

IV 4 


IV* 

4 

6 

2V4 

0 

7 

2 


2 

4‘/, 

6V* 

2‘/. 

lov. 

8 

2V* 

5 

2‘/* 

5 

7 

3 

12 

»v. 

2V* 

SV« 

3 

5V* 

7V4 

3 

13 

10 

3 

6 

3‘/* 

6 

8V* 

3‘/. 

14V* 

iiv* 

3 

6V. 

4 

6V* 

9 

4 

15 

12 

3 

7 

5 

7‘/* 

lOV. 

4V. 

17 

13V* 

3‘/* 

8 

6 

8 

11‘/. 

5 

18 

14V* 

3‘/* 

9 

8 

9 

14 

5V. 

22 

17V* 

4‘/. 

11 

10 

11 

16‘/, 

6V. 

25 V. 

20V* 

5 

12 

12 

12 

19 

7>/* 

30 

24V. 

5V. 

14 

14 O.D. 

14 

21‘/, 

7V. 

33 

27 

6 

16 

^6 O.D. 

15 

24 

8 

36V. 


6‘/i 

18 

18 O.D. 

16V. 

26V. 

8V. 

39 

32 

7 

19 
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Measuring Pipes.—When making a piping installation it is 
important that the pipes be cut to the proper lengths to insure 
obtaining proper slopes, locations of the fittings, ‘and to eliminate 
the possibility of undue strain on the fittings. Piping drawings, 
as shown in Fig. 30, give the sizes of pipes and fittings and the 
distances from center to center of fittings and pipes. Determining 
the lengths of pip)es to be cut from these center-line dimensions 
is done by applying the dimensions of the pipe fittings and the 



length of thread as given in the preceding tables. This is illus¬ 
trated in Fig. 31 where D is the center-to-center distance between 
pipes, Ai and A 2 the dimensions of screwed fittings as given in 
Tables 22, 23, and 24, B the length of thread as given in Table 13, 
and L the desired length of pipe. Then, 


L~D- (Ai + A 2 - 2E) 
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Illustration: If the pipe in Fig. 31 is 2^inch, the fittings 



125-pound cast iron, and the distance D is 8 feet 6 inches, what 
length L should the pipe be cut? 

D = 8X 12-1-6 = 102 inches 
Ai = 2^ inches. From Table 22 
A j = 2H inches. From Table 22 
E = inches. From Table 13 

Then, 

L — D ~ (Ai -f- A.2 — 2E) 

L = 102 - (2ii -1- 2fi - 2 X 1§) 

L = 102 - (5| - 3) 

L = 102 — 2f = 99| inches = 8 feet 3f inches (Ans.) 

Illustration: What is the actual length of the pipe in Fig. 30 
situated between the two tees whose center-to-center distance is 
11 feet 2 inches? The pipe is standard wrought and the fittings 
are 125-pound cast iron. 

In this problem 

D = 11 X 12 2 = 134 inches 

Ai = 3iV inches. From Table 22 
A 2 = 2f inches. From Table 23 
F = If inches. From Table 13 
Then, 

It ^ D ~ ”1- A 2 — 2E) 

L = 134 - (3^ -I- 2| - 2 X If) 
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L - 134 ~ (3,^ + 2i%- 3A) = 134 - (6H ~ 3A) 

L = 134 — 2 ff = 1311^ inches = 10 feet 11 ^ inches (Ans.) 

Similar principles are used in measuring pipes when flanged 
couplings and flanged fittings are used, t'or example, if the 
distance D in Fig. 32 is feed, then the distance L between the 
faces of the fittings is Z> — (Ai + A 2 ). The dimensions Ai and A 2 
may both be found from Table 29. Then, if the pipe B is cut 
i inch shorter than the distance L, that quarter inch may be 
distributed as follows: inch 

clearance between each end of the 
pipe and the face of its screwed 
flange, and ^ inch space for each 
of two gaskets. There is no 
substitute for experience and 
judgment in making the proper 
allowances for clearances. 

Illustration: If the pipe shown in Fig. 32 has a nominal 
diameter of 6 inches and the fitting to the left is a long radius 
elbow, what is the length L if the center-to-center distance D 
is 7 feet 9 inches? 

Z) = 7Xl2 + 9 = 93 inches 

Ai = 11^ inches. for 6 -in. pipe in Table 29 

A 2 == 8 inches. for 6 -m. pipe in Table 29 

Then, 

L = D - (Ai + A 2 ) 

L = 93 - (lli + 8 ) 

L = 93 — 19^ = 73 ^ inches = 6 feet IJ inches (Ans.) 

The principles are again applied to the measurement of bell-r 
and-spigot pipe with the use of Tables 15 to 21 for cast-iron 
water pipe. 


1 
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Illusteation : What is the length L of the pipe in Fig. 33 if the 
distance D is 9 feet 3 inches and the pipe and fittings are standard 

cast-iron water pipe of 
a nominal diameter of 
6 inches? 

From the figure, 
L = D - (A + B). A 
is made up of the two 
dimensions r and s (see 
Fig. 14). From Table 
17 these are 16 inches and 8 inches, respectively. B is found 
by reference to Fig. 17 and Table 18 to be 12 inches. Then we 
may write 

L = D - (A + B) 

L = 9 X 12 - (16 + 8 + 12) 

L = 108 — 36 = 72 inches = 6 feet 0 inches (Ans.) 

Measuring Diagonal Pipe.—If two offset; pipes are to be 
connected by a diagonal pipe and the angle 
of the fittings and one of the dimensions 
Ay By ov C (Fig. 34) are known, the other 
dimensions may readily be found. Without 
going into the principles of trigonometry 
back of it we offer Table 30 as a short-cut 
to these calculations. The table applies 
equally well to offsets from Y-connections. 

The numbers in the table are calculated 
from the trigonometry of the triangle A, B, C. 

Knowing the angle of the fitting and the 
length of either A or B, the other dimen¬ 
sions can be found by multiplying the 
known length by the proper figure in the 
table. 

Illustration: If the fittings in Fig. 34 are 22i-degree elbows 
and the offset A is 2 feet 6 inches, what are the lengths of B and 
C? A is then 2 X 12 + 6 « 30 inches. 



A 


Fia. 34. 



Fig. 33. 
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TABLE 30 


Angle of Fittings 
(See Fig. 34) 


Length 
of A 
when 

B = 1 

Length 
of C 
when 

A = 1 

Length 
of C 
when 

B - 1 

Length 
of A 
when 

C = 1 

Length 
of B 
when 

C = 1 

K 4 curve 

6^“ 

10.1531 

0.0985 

10.2033 

1.0048 

0.098 

0.9952 

K 2 curve 

llJi- 

5.0273 

0.1989 

5.1258 

1.0196 

0.1951 

0.9809 

He curve 


2.4142 

0.4142 

2.6131 

1.0828 

0.3826 

0.9239 

H 2 curve 

30° 

1.7320 

0.5773 

2.0000 

1.1547 

0.5000 

0.866 

H curve 

45° 

1.0000 

1.0000 

1.4142 

1.4142 

0.7071 

0.7071 

3^6 curve 

60° 

0.5773 

1.7320 

WSm 

2.0000 

0.866 

0.5000 

He curve 

67M“ 

0.4142 

2.4142 

H 

2.6131 

0.9239 

0.3826 


In column 3 of Table 30 opposite 22| degrees we find the factor 
2.4142. Then 

B = 30 X 2.4142 = 76.43 in. = 6 ft. O^^ in. 

(Use Table 1, page 17, for conversion.) (Ans.) 

Similarly, from column 5, 

C = 30 X 2.6131 = 78.393 in. = 6 ft. 6f in. (Ans.) 

Having found the length of C, the actual length of the pipe 
may be found by the method of the preceding paragraphs. 

Illustkation; If the fittings in Fig. 34 are 60-degree elbows 
and B is 10 inches, what are the lengths A and C? 

From column 4 of Table 30, 

A = 10 X 1.7320 = 17.320 in. = 17A in. (Ans.) 

Then, from column 6 of Table 30, 


C 10 X 2 = 20 in. (Ans.) 
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Hot Water Supply.—The simplest way of providing hot water 
for a small dwelling or apartment is by means of a so-called 
water backwhich is essentially a hollow iron casting which 
fits into the side of the firebox of the kitchen range. Water is also 
heated directly in boilers fired by coal, gas,^ or oil and indirectly 
by contact heaters consisting of copper coils surrounded by 
water from the boiler of the house heating plant. 

Whatever the type of heater, the water-supply system requires 
a storage tank with a minimum capacity of 30 gallons per family. 
Small tanks which stand vertically are called range boilers (see 
Fig. 35) and have been standardized by the Division of Simplified 
Practice of the Department of Commerce to provide one shell 
tapping 6 inches from the top and one 6 inches up from the bottom 
(measurements to be made from the edge of the shell plate), and 
two tappings in the top and one in the bottom. All tappings are 



Fia. 36.—Standard Location of Openings for Hot Water Storage Tanks. 

one inch. On special order, tanks with four side openings as 
shown in F in Fig. 35 may be obtained. These are placed in 
line 6,18, and 26 inches from the bottom and 6 inches from the top. 

Range boilers are made in two classes, “ standard ’’ for 85 
pounds working pressure, and “extra heavyfor 150 pounds 
working pressure. Dimensions are given in Table 31. 

Storage tanks of larger capacity are mounted horizontally and 
have been standardized as to tappings as shown in Fig. 36. The 
standard dimensions of these tanks are also given in Table 31. 
They are made for a “ standard ” working pressure of 65 pounds 
and “ extra heavy of 100 pounds. 
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TABLE 31 


Dimensions op Range Boilers and Hot Water Storage Tanks 


Bange Boilers 

Storage tanks 

Diameter, 

Length, 

Capacity, 

Diameter, 

Length, 

Capacity, 

inches 

inches 

gallons 

inches 

feet 

gallons 

12 

36 

18 

20 

5 

82 

12 

48 

24 

24 

5 

118 

12 

60 

30 

24 

6 

141 

14 

48 

32 

30 

6 

220 

14 

60 

40 

30 

8 

294 

16 

48 

42 

36 

6 

318 

16 

60 

52 

36 

8 

423 

18 

60 

66 

42 

7 

504 

20 

60 

82 

42 

8 

576 

22 

6 C 

100 

42 

10 

720 

24 

60 

120 

42 

14 

1008 

24 

72 

144 

48 

10 

940 

24 

96 

192 

48 

16 

1504 




48 

. 20 

1880 


Diameters refer to inside measurements; lengths are mean lengths of sheets, 
not over-all length of tank. 


The hot-water-supply ssrstem may consist of one branch pipe 
leading to each fixture as shown in Fig. 4. In this case an interval 
of time elapses after opening a faucet before the hot water arrives 
and a certain amount of water is wasted. This can be obviated 
by providing a loop, as shown in Fig. 6, through which the hot 
water constantly circulates. However, in this ssrstem a great 
amount of heat is lost and fuel wasted which overcomes the 
advantages. 

The circulation of water in a loop or between the heater and the 
storage tank depends on the fact that water is slightly less in 
weight when hot than when cold. Therefore, the hot water tends 
to rise and the cold to sink, thus providing the circulation. How- 
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ever, a free circulation requires that the pipes be pitched properly, 
and humps or air pockets must be avoided. 

In selecting a water heater it must be borne in mind that the 
capacity of the heater depends on the grate area and the eflaciency 
with which the heat may be absorbed from the fuel by the water. 
Table 32 gives recommended capacities of heaters. 


TABLE 32 

CAPAciTiiis OP Hot Water Heatino Apparatus Kbcomuenoer for Dweix- 
mas AMD Apartment Houses * 


No. of families 

Capacity, gallons per hour 

Coal heaters 

Gas 

heaters 

Indirect steam heaters 

k 

a 

Size of pipe between beater 
and tank, inches 

Grate area, square 
feet 

f 

1| 
* © 
S' is 

- 1 
0) OQ 

w 

Flue diameter, inches 
and height, feet 

Coal consumed in 8-hr 
firing period, pounds 

u 

S. 

s 

o 

1 

.2 ^ 
1*2 
o 

Pounds of steam per 
hour 

Area of steam pipe re¬ 
quired, square feet 

Btu added to water 
per hour 

Required storage tank ca 
ity, gallons 

1 

10 

0.25 

m 

8 in. by 10 ft 

10 

20.9 

n 

m 

10,030 

30 

1 

2 

20 

0.33 

6.6 

8 in. by 20 ft 

20 

41.8 

21.0 

BH 

20,060 

60 

IH 

3 

30 

0.47 

9.4 

8 in. by 20 ft 

30 

62.7 

31.3 

n 

30,090 

90 


4 

40 

MTiil 

12 

8 in. by 20 ft 

38 

83.6 

41.8 

■n 

40,100 

120 

2 

6 

60 

0.90 

18 

10 in. by 20 ft 

57 

125 

62.7 

2.8 

60,160 

180 

2H 

8 

80 

1.2 

24 

10 in. by 30 ft 

76 

167 

83.6 

mWrM 

80,210 

240 

2H 

10 

100 

1.6 

30 

10 in. by 40 ft 

96 

209 

104 

m 

100,260 

300 

3 

12 

120 

1.8 

36 

10 in. by 50 ft 

116 

251 

125 

5.6 

120,320 

360 

3 

15 

150 

2.2 

45 

12 in. by 20 ft 

143 

313 

157 

7.0 

150,390 

450 

4 

18 

180 

2.7 

53 

12 in. by 25 ft 

170 

376 

188 

8.4 

180,470 

540 

4 

20 

200 

3.0 

59 

12 in. by 30 ft 

190 

418 

209 

9.3 

200,500 

600 

4 

25 

250 

3.8 

76 

12 in. by 50 ft 

240 

522 

261 

11.7 

260,700 

760 

4 

30 

mm 

4.5 

90 

12 in. by 60 ft 

288 

626 

313 

14.0 

300,800 

000 

5 

35 

350 

5.3 


14 in. by 30 ft 

335 

1 731 

366 

16.3 

350,900 

1050 

6 

40 

400 

6.0 


14 in. by 40 ft 

380 

1 835 

418 

19.7 

401,000 

1200 

6 

60 


7.4 

148 

16 in. by 30 ft 

475 

|ci!M 


23.3 

501,300 

1500 

6 

60 

Bil!] 

Kkj 

180 

16 in. by 40 ft 

575 

1253 

627 

28.0 

601,600 

1800 

6 

75 

750 

11.0 

mm 

18 in. by 40 ft 

715 

1667 

783 

35.0 

762,000 

2250 

8 

00 


13.5 

268 

18 in. by 50 ft 


1880 

940 

42.0 

902,400 

2700 

8 


I* W. S. L. Cleverdon, Water Supply of Buildings and Rural Communities, D. Van Nostrand* 
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Drainage Plumbing.—Drainage plumbing, using the term in a 
broad sense, consists of the waste pipes which carry the used 
water not containing human excrement from such fixtures as sinks, 
wash basins, etc., soil pipes which carry the wastes from water- 
closets and urinals, vent pipes which admit, air to the system, and 
traps which prevent the foul air in the pipes from entering the 
house. A vertical drainage pipe is known as a “ stack.” Fig. 37 
illustrates the elements of the drainage plumbing for a one-family 
house. 

The physics of drainage plumbing is rather complicated, but 
recommendations based on experimental work done largely by the 
Bureau of Standards are easy to understand. 

Fixture Units.—In order to compare the discharges of various 
fixtures for determining the sizes of traps and pipes the so-called 
fixture unit has been devised. This unit is equivalent to a dis¬ 
charge of about 7.5 gallons per minute. The rate of discharge for 
various fixtures in terms of fixture units is given in Table 33. 


TABLE 33 

Rate of Dischabge of Flumbino Fixtures in Fixture Units 


Fixture 

Units 

Fixture 

Units 

One lavatory or wash basin. . 

1 

One urinal. 

3 

One kitchen sink. 


One floor drain. 

3 

One bathtub. 

2 

One shower bath. 

3 

One laundry tray. 

3 

One slop sink. 

4 





One combination fixture. 

3 

One water-closet. 

6 


One bathroom group consisting of one water-closet, one 
lavatory, and one bathtub and overhead shower; or one water- 
closet, one lavatory, and one shower compartment is regarded as 
having a combined discharge of eight fixture units. One hundred 
eighty square feet of roof or drained area in horizontal projection 
counts as one fixture unit. 





















450 HANDBOOK OF APPLIED MATHEMATICS 


Capacities of Vertical and Horizontal Drains.—The capacity of 
vertical soil stacks depending on the type of inlet fittings has been 
determined experimentally as given in Table 34. It is evident 
from this table that a three-inch soil stack is adequate for any 
ordinary dwelling. It also emphasizes the effect of type of inlet 
fixture on the capacity of the stack. These figures presume, of 
course, that the outlet at the bottom is clear and of sufficient 
capacity to cany off the discharge without backing it up into the 
soil stack. 

TABLE 34 

Capacitt of Soil Stacks in Fixture Units 


Diameter, inches 

Single or double 
sanitary T fittings 

Single or double Y, 
combination Y, and one-eighth 
bend fittings 

2 

6 

12 

3 

13.5 

27 

4 

24 

48 


The capacity of horizontal drains depends on the slope as well 
as the size of pipes. Slopes flatter than one-quarter inch fall per 
foot are not recommended. Table 35 gives capacities of horizontal 
drains. 

TABLE 36 


Capacitieb of Horizontal Drains in Fixture Units 


Diameter 
of drain, 
inches 

Slope, 

H-in. 

fall 

per foot 

Slope, 

Ji-in. 

fall 

per foot 

Slope, 

faU 

per foot 

Diameter 
of drain, 
inches 

Slope, 

3 ^-in. 

fall 

per foot 

Slope, 

34-in. 

fall 

per foot 

Slope, 

>4-in. 

faU 

per foot 

3 

15 

18 

21 

8 

990 

1,392 


4 

84 

96 

114 

10 

1,800 

mMmm 


5 

162 

216 

264 

12 

3,084 


6,912 

6 

300 

450 

600 
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Traps.—Good practice and most plumbing codes provide that 
each fixture must have an individual trap except that laundry 
trays, as shown in Fig. 37 may have a common trap. In general, 
these traps must provide a seal of at least one inch under all 
operating conditions. The minimum trap diameters and drain 
sizes for various fixtures are given in Table 36. Class 1 applies 
to private installations, residences, apartments, etc.; cl^ 2 
applies to semipublic installations, office buildings, factories, 
dormitories, etc.; and class 3 applies to public installations, schools, 
railroad stations, public comfort stations, etc. 

TABLE 36 

Miniuum Trap Diameters, Minimum Drain Sizes, and Feetore Unit 

Values 


Fixture and class of installation 

Minimum 

nominal 

trap 

diameter, 

inches 

Minimum 

nominal 

diameter, 

inches, 

individual 

drain 

Fixture 

imits 

1 lavatory or washbasin, class 1. 

IH 

IH 

1 

1 lavatory or washbasin, class 2 or 3.... 

IH 

IH 

2 

1 water-closet, <51ass 1. 

3 

3 

3 

1 water-closet, class 2. 

3 

3 

5 

1 water-closet, class 3. 

3 

3 

6 

1 bathtub, class 1. 



3 

1 bathtub, class 2 or 3. 

2 

2 

4 

1 shower stall, shower head only, class 1. 

IH 


2 

1 shower stall, multiple spray, class 1... 

2 

2 

4 

1 shower stall, head only, class 2 or 3... 

2 

2 

3 

1 shower stall, multiple spray, class 2 or 3. 
1 urinal, lip, or each 2 feet of trough or 

3 

3 

6 

gutter. 

1 urinal, stall or wall hung with tank or 

iy2 


2 

flush-valve supply. 

2 

2 

4 

1 urinal, pedestal or blow out. 

3 

3 

5 
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Vent Pipes.—The main purpose of vents in plumbing systems 
is to release the suction wWch results when water flows through 
the drainage pipes and thus prevents the water seals in the traps 
from being siphoned out. Common practice is to make the vent 
a continuation of the soil stack as shown in Fig. 37. Most build¬ 
ing codes require that any fixture more than five feet from the 
soil stack must have a separate vent. Figure 38 illustrates good 
and bad practice in such venting. The line x y is the hydraulic 
gradient when the bowl is full and x' y the gradient when the bowl 
is almost empty. The vent connection should come above the 
line X y to prevent back-flow into the vent pipe. Figure 39 illus¬ 
trates types of plumbing installations including venting recom- 




Bad practice. 


mended by the U. S. Department of Commerce. Figure 40 illus¬ 
trates the requirements for apartment buildings of the Model 
Plumbing Code recommended by the Illinois State Department 
of Health. 

The size of vent required depends on its length and the load 
on the soil stack. Experiments have shown that for a three-inch 
soil stack carrying a capacity load of 26 fixture units a 2-inch 
vent 36 feet long or a IJ-inch vent 15 feet long is satisfactory. 
The use of a vent stack less than inches in diameter is not 
recommended. 




^ttumM^AIttrnaU hou99 drain - H9qulr9d v9ni //nM 

Type 3 Type 4 Type? Type 8 Type IT Type 12 

Typee of Ono-Story Ono-Famlly Houeoe Typoo of Two-Story One-Family Houoee Typee of Two-Story Two-Family Houooo 
Showing Required Venting Showing Required Venting Showing Required Venting 

Ftg. 30.~Plumbing Installations Recommended by Hoover Report.” 
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Fig. 40. —^Illinois State Model Plumbing Code requirements. Numbers in 
circles denote fixture units. 
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TAeae Dimensions may Vary 1/2 Inch 




Fig. 41. —Roughing-in Dimensions for Enameled Left-hand Outlet Recess 
Bath with Concealed Over-rim-supply Fixture, Two-valve Shower and 
Connected Waste and Overflow with Non-gurgling Trap. 


Plumbing Fixtures.—A discussion of plumbing fixtures and 
other appurtenances is beyond the scope of this book except to 
illustrate by Figs. 41,42,43, and 44 the manner in which roughing- 
in dimensions are furnished. 

References.—A very excellent treatise on plumbing is contained in 
the book Plumbing by Professor H. E. Babbitt of the University of 
Illinois. It is published by the McGraw-Hill Book Company, Water 
Supply of Buildings and Rural Communities by W. S. L. Cleverdon 
(D. Van Nostrand Company) is an authoritative book on water supply 
and consumption, water supply systems and maintenance. 
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Bowls. 
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Urinal Stalls. Back Supply Pedestal Urinal. 


Fig. 44. 
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HEATING 

Heat and Temperature.—The problem of the man devising 
or constructing a heating system is to transfer the heat energy of 
a fuel into the air of the building as efficiently as possible. A 
knowledge of some of the basic properties of heat is extremely 
helpful in understanding the principles which govern the operation 
of house heating plants, and particularly in diagnosing the trouble 
when these fail to function properly. A physicist would define 
heat as molecular energy but we are not as much concerned 
with its definition as we are with the effects it produces. 

Intensity of heat is measured in terms of degrees Fahrenheit, 
the freezing point of water being 32® F. and the boiling point 
212® F. 

Quantity of heat is measured by the British thermal unit (Btu.) 
and one Btu. is that quantity of heat which will raise the tempera¬ 
ture of one pound of water one degree Fahrenheit. 

Quantity of heat must not be confused with intensity. For 
example, a cupful of water at 150® F. will contain a smaller quantity 
of heat than a pailful of water at 70® F. 

Effects of Heat on Fluids.—^When air is heated it expands. 
When water above 39.2® F. is heated it also expands. Both of 
these substances are fluids. When fluids expand they become 
less dense, that is, they weigh less per cubic foot, and if they are 
free to move, the lighter fluid will rise to the top and the denser 
fluid will flow to the bottom to take its place. This principle is 
employed in hot air heating plants and hot water heating plants. 
In either case the lighter heated fluid rises and loses its heat in the 
rooms of a house and upon cooling becomes more dense and 
descends to the heating plant. In such a system a pound of water 
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going into a radiator at a temperature of 180° F. and coming out 
of it at a temperature of 90° F. has given up 90 Btu of heat. 

If the temperature of a pound of water in a steam boiler under 
atmospheric pressure is 150° F. and 62 Btu of heat are added to it, 
the water will increase in temperature to about 212° F. Adding a 
small additional amount of heat to this water will neither increase 
the temperature of the water nor convert the whole pound of it to 
steam. As much as 970 Btu must be added to this pound of water 
at 212° F. to change it to steam at 212*" F. This additional heat 
is called the latent heat of vaporization. In heating houses by 
steam, most of the heat in the rooms is derived from this latent 
heat of vaporization which is given up by the steam in the 
radiators in changing back to water. 

Heat Transfer.—In a heating plant, for example, a hot water 
system, the heat from the fuel is transferred to the casing of the 
boiler, then to the water in the boiler, then to the water in the 
radiator, to the casing of the radiator, to the room which is being 
heated, then finally through the walls and windows to the outdoors 
where it is dissipated. There are three ways by which heat is 
transferred, by radiation, by conduction, and by convection. 

Radiation.—Heat travels in direct rays from a source much 
the same as light does. This is best illustrated by ihe heat which 
comes from the sun or from a fire in an open fireplace. In either 
case if the direct rays are cut off by an object, a heat shadow is 
formed and the same intensity of the heat is not felt in the shadow. 

Conduction.—If the end of an iron rod is heated, the heat will 
be transferred from one iron particle to the next until the heat has 
travelled the whole length of the rod. This is called conduction. 
Some materials conduct heat more readily than others. Copper is 
a particularly good conductor. Materials which are poor con¬ 
ductors, such as asbestos, and mineral wool, are used for insulation. 

Convection.—Heat transfer by convection depends on the 
circulation of a fluid, the warmed particles of the fluid mingling 
with the unwarmed particles. Thus the circulation of warm air 
from a hot air furnace is an example of heat transfer by convection. 
So is also the circulation of water in a hot water heating system. 
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Estimating Heating Requirements. —When a public utility 
company builds an electric power plant, a gas plant, or a water 
supply system it must first estimate the probable demand which 
the consumer will place upon the service. The design of a heating 
plant is approached from much the same angle. First the heat 
demand of the building must be determined and then the radiators, 
pipes, boilers, etc. must be selected to satisfy this demand com¬ 
pletely yet economically. The heat demand of a building depends 
on the following factors: * 

* From the 1933 Guide of A.S.H. & V.E. 


Outside Conditions (The Weather) 


]. Outside temperature. 

2. Rain or snow. 

3. Sunshine or cloudiness. 

4. Wind velocity. 

6. Heat transmission of exposed parts of buildings. 

6. Infiltration of air through cracks, crevices, and 

open doors and windows. 

7. Heat capacity of materials. 

8. Bate of absorption of solar radiation of exposed 

material, 

9. Inside temperatures. 

10. Stratification. 

11. Type of heating system. 

12. Ventilation requirements. 

13. Period and nature of occupancy. 

14. Temperature regulation. 


Building Construction 


Inside Conditions 


It will be noticed that many of these factors are variable and 
this leads to a great many combinations of circumstances. Values 
for many of these factors have been established by the American 
Society of Heating and Ventilating Engineers, the Heating and 
Piping Contractors National Association and university research 
bureaus so that the heat required by a room or a house in terms of 
Btu per hour can be set up in practically a single equation. Need¬ 
less to say this equation is long and its solution tedious. The 
Heating and Piping Contractors National Association has there¬ 
fore compiled a Standard Radiation Estimating Table which 
shortens the work materially. By the use of this table the heat 
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requirements of a room may be translated directly into square 
feet of steam radiation (see below) without going into the inter¬ 
mediate step of estimating the number of Btu^s required. Before 
describing this method of estimating, we shall discuss some of the 
factors entering into the estimate and define what is meant by 
radiation. * 

Temperature, Wind and Exposure.—The amount of heat lost 
from a room depends partly on the difference between the inside 
and the outside temperatures. The average outside temperature 
during the heating season varies, of course, with the locality. 
Experience has shown that periods of intense cold are generally 
of short duration so that the factor which is used as the base 
temperature in the calculations is several degrees higher. 

Desirable inside temperatures have been fairly well stand¬ 
ardized. These are listed in Table 1. 

TABLE 1 

Inside Temperatures 


Type of room or building Temperature, 

degrees F. 

Warm air baths. 120 

Steam baths. 110 

Hospital operating rooms. S5 

Bath rooms. 80 

Paint shops. 80 

Hospitals. 72 to 75 

Public buildings. 68 to 72 

Residences. 70 

Schools. 70 

Factories. 65 

Stores. 65 

Gymnasia. 55 to 60 

Machine shops. 60 to 65 

Foundries, boiler shops, etc. 50 to 60 


Wind increases the loss of heat by transmission through walls 
and increases the infiltration through cracks. Most localities are 
subjected to prevailing winds of certain intensity during the winter 
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months. The factors for base temperature and exposure to 
prevailing winds have been combined in a single tabulation in 
Table 16. 

Radiation.—Radiators for steam and hot water systems are 
rated in square feet by the amount of heat they are capable of 
giving off. One square foot of radiation is equal to an emission of 
240 Btu per hour when a radiator is filled with steam under 
standard conditions. However, radiators seldom operate under 
standard conditions and manufacturers’ ratings sometimes vary, 
so that in actual practice an emission of only 225 Btu per square 
foot of rated area is counted. The tables which follow are made 
up on this basis. 

A square foot of steam radiation gives off 150 Btu per hour 
when a radiator is used in a hot water heating system at a mean 
temperature of 170 degrees. 

The most common radiators are of cast iron manufactured in 
several heights and made up of as many sections as required. 
Figure 1 illustrates the old style of such radiators and Fig. 2 the 
new style. Table 2 gives the rating of the old style radiator and 
the rating of the new style may be obtained from the diagram in 
Fig. 3. 

TABLE 2 

Approximate Rating of Old Style Radiators, Square Feet per Section 


Height in inches 


No. of Columns 

12 

14 

16 

18 

20 

23 

26 

32 

38 

45 

1 





1.5 

1.7 

2.0 

2.5 

3.0 

4.5 

2 





2.1 

2.3 

2.7 

3.4 

4 1 

5.0 

6.5 

3 




2.3 

3.0 

3.5 

3.8 

4.5 

wm 

4 




3.0 

3.5 

4.0 

5.0 

6.5 

8.0 

10.0 

6 

3.3 


4,7 

5.0 

5.6 

6.3 

7.0 

8.6 

10,0 

11.7 


Illxtstbation: A computation shows that a certain room will 
require 45 square feet of radiation and it is desired to use three- 
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One Column Two Column Three Column 



Three Column Four Column 


Fig. 1.— Typical Cast-iron Radiators (Old Style). 

Courtesy American Oil Biirner Association. 

column old style radiators 32 inches high. How many sections 
will be required? 
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iron Radiators (New Fia. 3.—Approximate Rating of New-etyle Cast-iron 

Style). Radiators. 

Courtesy American Oil Burner Association. 


From Table 2 the radiating surface of one section of 3-column, 
32-mch old-style radiator is 4.5 square feet. Then, 

45 

— = 10 sections required (Ans.) 

4.5 

Illustration: Another room requires 18 square feet of radia¬ 
tion and it is desired to use a four-column new-style radiator 
26 inches high. How many sections will be required? 

In Figure 3 start at the bottom at the line marked 26 and follow 
it up to the point where it intersects with the line marked ‘‘ 4 col.” 
The reading on the scale to the left directly opposite this inter- 
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section is found to be about 2.7 square feet of radiation for one 
section. Then, 

18 

— = 6| = 7 sections required (Ans.) 

^.7 

Another style of radiator is a so-called “ wall radiator ” which 
is hung on the walls or ceiling to conserve space. These are 
usually two-column affairs and either have several coils cast as 
one unit or are made up in units from separate sections. 

Table 3 gives the radiation areas of such units. 


TABLE 3 

Ratings of Cast-Iron Wall Radiator Units, Square Feet 


Height, inches 

Length or width, 
inches 

1 

Thickness, inches 

Heating surface, 
square feet 

141^ 

16H 

3 

5 

14H 

22 

3 

7 

UH 

29K 

3 

9 

22 

UVs 

3 

7 

29M 

UVs 

3 

9 


Heating coils are sometimes also made up from standard pipe 
or a pipe riser may be used to heat a small room. Table 4 gives 
the heating surface of standard pipe. 


TABLE 4 

, Heating Surface op Standard Pipe, Square Feet 


Length of 
pipe, feet 

Nominal diameter of pipe, inches 

H 

1 

IK 

IK 

2 

2H 

3 

4 

5 

6 

1 

.276 

.346 

.434 

.494 

.622 

.753 

1 

.916 

1.176 

1.455 

1.739 
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Illustration: A bathroom requires five square feet of radia¬ 
tion. If the headroom available is 8 feet, how large a pipe riser 
will be required to provide the necessary radiation? 

Since 5 square feet of radiation are required from 8 feet of pipe, 
then I = 0.625 square foot is required per foot of pipe. Referring 
this per-foot figure to Table 4 to obtain the diameter of pipe, we 
find that the 2-inch pipe fills the need very closely. (Ans.) 

Estimating Radiation.—Estimating radiation requirements is 
simple with the aid of the tables. Let us take as an example the 




N 


room shown in Fig. 4. This represents the dining room of a house 
in Philadelphia. The outside walls of frame construction, 1-inch 
sheathing, and brick veneer. Inside walls are plastered on wood 
lath on studding. The floor above has heated rooms. The 
problem is now to find how many square feet of steam radiation 
will be required to heat this room. This may then be translated 
into other terms as desired. 

The area of the north wall is 12 X 8.5 = 102 square feet. 
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The area of the window (2' 6" X 5' 2") is 12.9 square feet. 
The net wall area is 102 — 12.9 = 89.1 square feet. 

Then we look through Tables 5 to 14 to find the one which has 
the figures for this type of construction. In Table 7, Wall No. 50, 
we find Brick Veneer, 1-inch Wood Sheathing.^' Following 
this line across to Column A, which represents plaster on wood 
lath on studding, we find a figure 0.27 which is called a coefficient. 
Then turning to Table 15 and looking along the top line of the 
center section for a column headed by 0.27 we find 0.26 and then 
0.28. Either column may be used with sufficient accuracy. For 
our purpose, let us look down the column headed by 0.28 to find 
the figure coming closest to 89.1, the net wall area. We find the 
figure 92.0 and following this line to the extreme left we arrive at 
the figure 8 which represents the square feet of radiation required 
for the heat lost by transmission through the wall. 

Next considering the loss of heat through the window we look 
down the second column from the left in the same table for the 
figure closest to 12.9, the area of the window. This is 11.7, and 
following this line to the left we find that 4 square feet of radiation 
will be required to care for the heat lost by transmission through 
the window. 

This double hung window has 17.8 lineal feet of cracks (the 
sum of the lengths of two vertical and three horizontal cracks). 
Referring to the small table on infiltration on page 481 we find, 
opposite ‘‘ double hung wood sash the figure 50 which represents 
cubic feet per hour per lineal foot of crack. Then referring to 
Table 15 under infiltration, finding the column headed by 50 and 
looking for the figure in this column closest to 17.8 we find 17.9. 
Following this to the left we find that 5 square feet of radiation are 
required for the infiltration. 

We have now found three separate radiation figures 8, 4, and 5 
which total 17 square feet. This must now be multiplied by a 
factor for exposure and temperature. This is found in Table 16 
in the N ’’ column, since this is a north wall, and opposite 
Philadelphia. The factor is 0.94. Then 17 X 0.94 = 15.98 
square feet. 
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The radiation for the west wall is estimated in a similar manner. 
It happens that in this particular case the temperature and 
exposure factor is the same as for the north wall. 

Summarizing the whole estimate we have: Area or Sq. ft. 

lin. ft. radiation 

North wall, 12 X 8.5 - 102 sq.ft. — 12.9 sq.ft. 

(window). 89.1 sq.ft. 8 sq.ft 

1 window, 2 ft. 6 in. by 5 ft. 2 in. 12.9 sq. ft. 4 sq. ft. 

Infiltration, cracks. 17.8ft. 6 sq.ft. 


Total for north wall without exposure factor 17 sq. ft. 

Exposure factor. 0.94 sq. ft. 


Total. . 15.98 sq.ft. 

West wall, 14 X 8.5 = 119 sq. ft. — 12.9 sq. ft. 

(window). 106.1 sq.ft. 9 sq.ft. 

1 window, 2 ft. 6 in. by 5 ft. 2 in. 12.9 sq. ft. 4 sq. ft. 

Infiltration, cracks. 17.8 lin. ft. 5 sq. ft. 


Total for west wall without exposure factor 18 sq. ft. 

Exposure factor. 0.94 sq. ft. 


Total. 16.92 sq.ft. 

The total for the room is 

North wall. 15.98 sq. ft. 

West wall.... 16.92 sq. ft. 


Total. 32.90 sq.ft. 

The radiation required for each room in the house may be 
estimated in a similar manner. 
















Table 5. Coefficients oE Transmission (Z7) of'Masonry Walls 
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Coefficients of Transmission (U) of Various Types of Frame Construction 
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Table 8. Coefficients of Transmission (U) of Frame Interior Walls 
AND Partitions 

Coefficients ore expressed in Btu per hour per square foot Per degree Fahrenheit difference in temperature 
between the air on the two sides, and are based on stilt air (no wind) conditions on both sides 




^Single 

DOUBLE PARTITION 
(Finished on Both Sides of Studding) 

Wall 

No. 

TYPE OF WALL 

(Finish 
One 
Side of 
Studding) 

Air 

Space 

Between 

Studding 

Flaked 

Between 

Studding 

Rock 

Wool 

Fill* 

Between 

Studding 

H In. Flex¬ 
ible Insula¬ 
tion Between 
Studding 
(One Air 
Space) 



A 

. B 

Hi 

D 

E 

53 1 

Wood Lath and Plaster 

On Studding 

0.62 

0.34 

ES 

0.071 

0.21 

54 


0.69 

0.39 

0.11 

0.072 

0.23 

55 

Plaster Board (H in.) and 
Plaster^ On Studding 

0.61 

0.34 

0.10 

0.071 

0.21 

56 

H In. Rigid Insulation and 
Piaster*^ On Studding 

0.35 

0.18 

0.083 

0.000 

0.14 

57 

1 In. Rigid Insulation and 
Plaster<< On Studding 

0.23 

0.12 

0.066 

0.051 

0.097 

58 

IH In. Corkboard and 
Plaster*' On Studding 

1 0.16 

0.081 

0.052 

0.042 

0.070 

59 

2 In. Corkboard and 

Plaster^* On Studding 

0.12 

0.063 

0.045 

0.038 

0.057 


It Tlilckness assumed 8<5/8 In. 
c Plaster on metal lath assumed 3/4 In. thicK. 
d Plaster assumed 1/2 In. thick. 

(g) Ameiloan Society of Heating and Ventilating Engineers. 


Table 9. Coefficients of Transmission (U) of Masonry Partitions 

Coefficients are expressed in Btu per hour Per square foot Per degree Fahrenheit difference in temperature 
between the air on the two sides, and are based on still air (no wind) conditions on both sides 


No. 

TYPE OF WALL 

Plain Walls 
(N o Plaster) 

Walls 
Plastered 
ON One Side 

Walls 

Plastered 

ON Both Sides 

A 

B 

C 

60 

.4-In. Hollow Clay Tile 

0.45 

0.42 

0.40 

61 

4-In. Common Brick 

0..50 

0.48 

0.43 

62 

4-In. Hollow Gypsum Tile 

0.30 

0.28 

0.27 


® AmerlcaQ Society of Heating and Ventilating Engineers) 



















































Table 10. Coefficients of Transmission (I/) of Frame Construction Floors and Ceilings 

Coeficienls are expressed in Blu per hour per square fotd Per degree Fahrenheil difference in temperature between the air on the two sides, 
and are based on siUl air (no wind) conditions on both sides 
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TYPE OF FLOORING 

Column A. No flooring. 

Column B. Yellow pine flooring^ on joists. 

Column C. Yellow pine flooring^ on rigid insulation 04 in.) on 
joists. 

Column D. Maple or oak flooring* on yellow pine sub-flooring* oa 
joists. 

a 

0.34 

0.25 

0.24 

0.24 

00 

d 

0.14 

0.15 

0.12 

1 ; 
d 

U.ll 

1 0.094 

b ThleknesB aasmned to be 25/32 Im 
e Thickness assumed to be 13/16 in. 

d Baaed on one air space with no flooring, and two air spaces with flooring. The value of U will be the same If insulation Is applied'to under ride of 
Joists and separated from lath and plaster criUng by Hn. furring strips. 

@ American Society of Heating and Ventilating Engineers. 

U 

d 

e3 

d 


0.20 

d 

CO 

d 

I 

eo 

d 

d 

0.086 

U. iU 

0.087 

OQ 

$ 

d 

0.21 

1 0.28 

0.28 

0.21 1 

d 

© 

0.13 

0.098 

3 2 

9 d 

. < 

i 

s 

d 


19’0 

A 

d 

0.23 

1 0.25 1 

d 

CJ 

d 

0 CO 

i d 

INSULATION BETWEEN 
JOISTS 

1 None j 

1 None 

9 

1 

None 

None 

1 Flexible^ Insulation Oi in>) j 

3 

5 

1 

1 

« 

0 

2 
s 

1 Flaked Gypsum Fill (2 in.) j 

Rock Wool FUl (2 in.) { 

“ 1 

TYPE OF CEILING 

1 



1 Plaster Board in.) and Plaster in.) 

e 

5 

1 

fiu 

1 

"d 

i 

i 

1 

1 Wood Lath and Plaster 

1 Wood Lath and Plaster j 

1 Wood Lath and Plaster j 

Wood Lath and Plaster 

3 

11 

~ 1 
- i 

t 3 

1 O 

No. 

B 

C4 

CO 

B 

•e 



00 

© e 

1 pi 




































Table 11. Coefficients of Transmission (U) of Concrete Construction Floors and Ceilings 

CoefficietUs are expressed in Bfu per hour per square foot per degree Fahrenheit difference in temperature between the cur on the two sides, 
and are based on still air (no wind) conditions on both sides 
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Table 12. Coefficients of Transmission {U) of Concrete Floors on Ground with Various Types of Finish Flooring 

CoefficitHts art expressed in Blu per hour per square fool Per degree Fahrenheit difference in temperature between the ground and the air over 
the floor, and are based on still air (no ivind) conditions 
















Table 13. jCoepficients op Transmission.(CO of Various Types of Flat Roofs Covered with Built-Up Roofing 

Confidents are expressed in 3tu per hour per square Sod per degree Fahrenheit differenu in temperature between air at the two sides, 
and are based on an outside wind exposure of 16 mph 












Table i 14. Coefficients of Transmission (Z7) of Pitched Roofs* 

Coefficients are expressed in Btu per hour per square fool Per degree Fahrenheit difference in temperature between the air on the two sides, 
and are based on an outsid: wind vdocity of 16 mph 
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Special Cases.—If the east wall of the room in Fig. 4 had been 
a solid partition of wood lath and plaster on each side of the stud¬ 
ding and the room on the other side unheated^ additional radiation 
would be necessary for the loss of heat through this wall. This 
radiation is estimated by the use of Table 8 which, for the particular 
conditions of this problem, gives in column B the coefficient 
0.34. This coefficient is now referred to the right-hand portion 
of Table 15. We find there a column headed by 0.35, which is 
sufficiently close. Looking down this column till we reach a 
number equal to the area of the wall (14 X 8.5 = 119 sq ft) we 
note that this‘lies midway between 110 and 128 and that the 
radiation (last column) is, therefore, 6| square feet for the loss 
through this wall. 

Then there is the case when the space below or the space above 
a room is unheated. Let us take the case of the room shown in 
Fig. 4 if this room has an unheated attic above it and the ceiling 
consists of plaster on rigid insulation with no insulation between 
the joists and no flooring in the attic. This case is covered in 



Table 10 and we find in line 5, column ‘^A^^ that the coefficient is 
0.35. Then again consulting the right-hand portion of Table 15. 
we find a column headed by this figure. Looking down it for a 
figure representing the area of the ceUing (12 X 14 =* 168) we 
find 165 and to the right in this line is the corresponding radiation 
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of 9 sq ft. This must be added to the total radiation already 
computed. 

The tables which have been used are based on an inside 
temperature of 70 degrees. If a different inside temperature is 
desired, the radiation is computed by the tables in the regular 
manner and then multiplied by the proper factor from Table 17. 
Let us illustrate by an example. Figure 5 represents a room in 
Grand Rapids, Michigan, used as a gymnasium in which a 
temperature of 60 degrees is desired. The problem is to find the 
radiation required. 

Solution: (proceed as in the previous problem). 


South wall 30 X 12 = 360 sq. ft. — 96 sq. ft. (3 

windows at 32 sq. ft.). 

3 windows 4 ft. X 8 ft. 

Infiltration. 


Area or 

Sq. ft. 

lin. ft. 

radiations 

264 sq. ft. 

23 sq. ft. 

96 sq. ft. 

33 sq. ft. 

84 lin. ft. 

24 sq. ft. 

e factors. 

.. 80 sq. ft. 


Exposure and temperature factor. 0.84 

Total. 67.2 sq.ft. 


INFILTRATION TABLE 

Stationary Wood Sash.25 Rolled Section Steel Windows-100* 

Double Hung Wood Sash.60 French Doors.100 

Double Hung Steel Sash.100 Outside Doors, Residences.100 

Casement Windows, Wood.... 100 Same with Storm Doors. 60 

Casement Windows, Steel.60 Same with Inner Vestibule Doors. 60 

Outside Doors, Store, etc.200 

Metal Weather Strip Deducts 60 per cent 

* Per foot of crack of Ventilating Saab. 
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Table 16. —Heating and Piping Contractors National 

Showing Radiation Required 


SCol. 

88" 

Steam 

Bad. 

Glaw 

iMncTtA-noM 



















1 

Rate per 
lineal 

26 

50 

iqo| 200 


D 

1.8 

0.45 

0.0 

ijA 8.6 

0.08 

0.10 

0.12 

0.14 

0.16 

0.18 

0.20 

0.22 

0.24 

0.26 

0.28 

0.80 

m 

0.40 

0.45 

0.50 

0.55 

228 


01 jO 

81A 


126 252 

6.60 

7.00 

8.40 

OAO 

lU 

12.6 

14.0 

A5.4 

16.8 

18.2 

19.6 

21.0 

24.5 

28.0 

31.6 

35.0 

38.5 

1 

2.08 

8.47 

7.14 

8J7 

l.Tol 0.80 

40.2 

32.1 

26.8 

23.0 

20.1 

17.9 

16.1 

14.6 

13.4 

12.4 


10.7 

0.18 

8.04 

7.14 

6.43 

5.84 

8 

5.84 

4.04 

1441 

7.14 

3.68 1.73 

80.4 

64.2 

53.3 

46.0 

40.2 

85.8 

32.2 

29.2 

26.8 

24.8 

23.0 

21.4 

18.4 

16.1 

14.8 

12.9 

11.7 

8 . 

8.7e 

7.41 

21.4 

10.7 

6.37 2.67 

121 

96.3 

80.4 

60.0 

60.9 

63.7 

48.9 

43.8 

40.2 

37.2 

34.5 

32.1 

27.5 

24.1 

21.4 

10.3 

17.5 

4 

11.7 

9.m 

28.6 

14.2 

7.1^ 8.56 

161 

128 

107 

02.0 

80.4 

71.6 

64.4 

58.4 

53.6 

49.6 

46.0 

42.8 

36.7 

32.2 

28.6 

25.7 

28.8 

6 


18.4 

85.7 

17.0 

a06 4.45 

201 

160 

184 

116 

101 

89A 

80.5 

73.0 

67.0 

62.0 

57.6 

53.5 

45.9 

40.2 

35.7 

32.1 

20.2 

6 

17.5 

14i 

43.8 

21.4 

10.71 6:34 

241 

193 

161 

138 

121 

107 

96.6 

87.6 

80.4 

74.4 

69.0 

64.2 

55.1 

48.2 

42.8 

38.6 

35.0 

7 

20.4 

17.3 

40.0 

25.0 

12.6 6.23 

281 

226 

188 

161 

141 

125 

113 

102 

93.8 

86.8 

80.6 

74.9 

64.3 

56.3 

50.0 

45.0 

40.9 

8 

28.4 

10.3 

57.1 

28.6 

uii 7.1s 

323 

257 

214 

184 

161 

148 

129 

117 

107 

1 09.2 

92.0 

85.6 

73.4 

64.3 

57.1 

51.4 

46.7 

9 

20J 

22.2 

6441 

32.1 

16.11 84)1 

862] 

289 

241 

207 

181 

161 

146 

131 

121 

112 

103 

96.3 

82.6 

72.4 

64.3 

57.9 

52.6 

10 

20.2 

24.7 

71.4 

85.7 

17.tt 8.90 

402 

821 

268 

280 

201 

170 

161 

146 

134 

124 

115 

107 

01.8 

80.4 

71.4 

04.3| 

58.4 

11 

82.1 

27.2 

78.5 

80.8 

IO.7I 0.70 

442 

853 

205 

253 

221 

197 

177 

16l 

147 

136 

126 

118 

101 

88.4 

78.5 

70.7] 

64.2 

13 

85.0 

20.6 

85.7 

42.3 

2li| 10.7 

482 

886 

822 

276 

241 

215 

193 

175 

161 

149 

138 

128 

110 

96.6 

85.7 

77.2 

70.1 

18 

38.0 

82.1 

02.3 

46.4 

83.2111.6 

523 

417 

348 

209 

261 

283 

209 

190 

174 

161 

140 

139 

119 

105 

92.8 

83.6 

76.9 

14 

40.0 

84.6 


50.0 

25.1 12.5 

563 

449 




fiTi 

226 

204 

188 

174 

161 

150 

129 

113 

100 

90.0 

81.8 

15 

43.8 

87.1 

107 


26.« 13.4 

603 

481 

la 

m 

il 

m 

241 

219 

201 

186 

172 

160 

138 

121 

107 

96.4 

87.6 

10 

46.7 

80.6 

114 

87.1 

38.6| 14.^ 

643 

614 

429 

868 

822 

286 

258 

234 

214 

198 

184 

171 

147 

129 

114 

103 

03.4 

17 

40.8 

42D 

121 

60.7 

80.4 15.1 

683 

546 

456 

891 

842 

804 

274 

248 

228 

211 

105 

182 

156 

137 

121 

109 

90.3 

18 

82.0 

44.5 

120 

64.8 

32.2 16.01 

724 

678 

483 

414 

862 

822 

290 

268 

241 

223 

207 

193 

165 

145 

129 

116 

105 

10 

65e| 

46.0 

136 

67i 

84.0 16.0 

764 

610 

509 

437 

382 

340 

306 

277 

255 

236 

218 

203 

174 

153 

136 

122 

111 

20 

58.4 

40.4 

143 

7li 

35.« 17.^ 

804 

642 

NO 

460 

402 

858 

822 

292 

268 

248 

280 

214 

184 

161 

143 

129 

117 


TIB 

PR 

160 

78.0 

87.6| 18.7 

844 

674 

668 

488 

422 

876 

838 

807 

281 

260 

241 

225 

193 

169 

150 

135 

123 




157 

78.5 

80.4 10.6 

884 

706 

500 

506 

443 

804 

354 

321 

305 

273 

253 

235 

202 

177 

167 

141 

128 

88 



164 

82| 

41.2 20.5 

025 

738 

616 

520 

462 

412 

870 

836 

308 

286 

264 

246 

211 

185 

164 

148 

134 

84 



171 

85.7 

48.d 21.4 

065 

770 

643 

562 

483 

480 

886 

850 

822 

298 

276 

267 

220 

193 

171 

154 

140 

85 



170 

s 

44J 22i 

1005 

802 

670 

575 

502 

447 

402 

366 

835 

810 

287| 

267 

220 

201 

178 

161 

146 


Copyright by HsATiNa and Piping Contbactobs National Association. 
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Absociatiok Standard Radiation Estimating Tablb 

for Quantities Indicated 
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TABLE 16 


Combined Temperature and Exposure Factors 


City 

Base 

Temp. 

Temp. 

Fac¬ 

tor 

POINTS OF CJOMPASS 

N 

NE 

E 

SE 

S 

SW 

W 

NW 

Albany, N. Y. 

+ 6“ 

0.93 

1.02 

1.02 

0.97 

0.93 

0.93 

0.93 

1.02 

1.02 

Baltimore, Md. 

4-30® 

0.67 

0.80 

0.80 

0.74 

0.57 

0.74 

0.74 

0.80 

0.80 

Birmingham, Ala. 

4-30® 

0.57 

0.66 

0.66 

0.67 

0.67 

0.67 

0.60 

0.66 

0.66 

Boston, Mass. 

4-15® 


1.02 

0.86 

0.79 

0.79 

0.79 

1.02 

1.02 

1.02 

Buffalo, N. Y. 

0® 


gWili] 


mEsln 


1.25 

1.40 

1.40 

1.40 

Chicago, Ill. 

4-10® 

0.86 

1.07 

0.86 

0.86 

0.86 


1.16 

1.16 

1.16 

Cincinnati, Ohio. 

4-16® 

0.79 

0.86 

0.79 

0.79 

0.79 

1.06 

1.06 

1.06 

0.94 

Cleveland, Ohio. 

4- 6® 

0.93 

1.07 

Khuj 

BHiIil 

0.93 

■mil] 

1.07 

1.07 

1.07 

Columbus, Ohio. 

4-15® 

0.79 

0.94 

0.90 

0.79 

0.94 

1.07 

1.07 

1.07 

0.94 

Denver, Colo.*. 

4-20® 

0.80 

1.04 

1.04 

0.96 


■mil] 

mmm 

0.80 

1.04 

Detroit, Mich... 

0® 

Uilil 





1.10 

1.10 

1.10 

1.10 

Eastport, Me. 

4-10® 

0.86 

1.24 

■Ek] 

1.03 

0.86 

0.86 

1.24 

1.24 


Grand Rapids, Mich.... 

4-15® 

0.79 

0.87 

0.79 

0.79 

0.79 

0.84 

0.87 

0.87 


Green Bay, Wis. 

- 6® 

1.07 

1.07 

1.07 

1.07 

1.07 

1.12 

1.18 

1.18 

1.18 

Greensboro, N. C. 

4-35® 

0.50 

0.60 

0.60 

0.60 

0.50 

0.50 

0.60 

0.60 

0.60 

Houston, Texas. 

4-40® 

0.43 

0.81 

0.56 

0.61 

0.43 

0.43 

0.43 

0.81 

0.81 

Indianapolis, Ind. 

4-15® 

0.79 

1.03 

0.84 

0.84 

0.79 

0.90 

mmm 

1.03 


Ithaca, N. Y. 

4-15® 

0.79 

0.87 

0.79 

0.84 

0.84 

0.84 

0.84 

0.87 

0.87 

Kansas City, Mo. 

4-15® 

0.79 

1.14 

1.06 

0.79 

0.79 

0.86 

0.86 

1.14 

1.14 

Los Angeles, Gal. 

4-50® 

0,29 

0.43 

0.43 

0.43 

0.29 

0.29 

0.29 

0.43 

0.43 

Louisville, Ky. 

4-20® 

0.71 

0.93 

0.93 

0.71 

0.75 

0.76 

1.04 

1.04 

1.04 

Madison, Wis. 

4- 5® 

0.93 

1.16 

1.07 

1.02 

0.93 

1.02 

1.16 

1.16 

1.16 

Memphis, Tenn. 

4-30® 

0.67 

0.80 

0.68 

0.63 

0.67 

0.74 

0.74 

0.80 

0.80 

Milwaukee, Wis. 

4-10® 

0.86 


0.86 

0.86 

0.86 

0.99 

1.16 

1.16 

1.16 

New Orleans, La. 

4-45® 

0.36 

0.54 

0.60 

0.45 

0.36 

0.36 

0.36 

0.54 

0.54 

New York, N. Y. 

4-10® 


1.29 

1.07 

0.86 

0.86 

0.86 

1.14 

1.29 

1.29 

Norfolk, Va. 

4-30® 

0.67 

0.86 

0.74 

0.68 

0.67 

0.57 

0.68 

0.86 

0.86 

Philadelphia, Pa. 

4-15® 

0.79 

0.94 

0.86 

0.86 

0.79 

0.79 

0.79 

0.94 

0.94 

Pittsburgh, Pa. 

4-15® 

0.79 

1.02 

0.79 

0.79 

0.79 

1.02 

1.06 

awiTii 

1.06 

Portland, Ore. 

4-25® 

0.64 

0.64 

mwm 

0.64 

0.64 

0.64 

0.64 

0.64 

0.64 

Providence, R. I. 

4-15® 

0.79 

1.18 

0.98 

0.79 

0.79 

0.86 

0.98 

1.18 

1.18 

Richmond, Va. 

4-30® 

0.57 

0.77 

0.71 

0.71 

0.67 

0.74 

0.74 

0.77 

0.77 

Rochester, N. Y. 

4-10® 

0.86 

0.90 

0.86 

0.86 

0.86 

1.07 

1.11 

1.11 

1.11 

St. Louis, Mo. 

4-20® 

0.71 

0.93 

0.86 

0.71 

0.86 

0.86 

0.86 

0.93 

0.93 

St. Paul, Minn. 

- 5® 

1.07 

1.28 

1.07 

1.07 

1.07 

1.07 

1.18 

1.28 

1.28 

Sacramento, Cal. 

4-45® 

0.35 

0.45 

0.42 

0.42 

0.42 

0.42 

0.35 

0.45 

0.45 

Salt Lake City, Utah.. . 

4-25® 

0.64 

0.71 

0.64 

0.71 

0.71 

0.71 

0.64 

0.71 

0.71 

San Antonio, Texas. 

4-45® 

0.36 

0.61 

■tKOI 

0.50 

0.36 

0.36 

0.36 

0.61 

0.61 

San Diego, Cal. 

4-55® 

0.20 

0.20 

0.23 

0.23 

0.23 

0.23 

0.23 

0.27 

0.27 

San Francisco, Cal. 

4-45® 

0.36 

0.43 

0.43 

0.43 

0.36 

0.36 

0.36 

0.36 

0.41 

Seattle, Wash. 

4-25® 

0.64 

0.64 

0.64 

0.64 

0.80 

0.80 

0.80 

0.64 

0.64 

Syracuse, N. Y. 

0® 

1.00 

1.10 

■mm 

■ Hill] 

1.00 

1.05 

1.10 

KSE 

ESEl 

Washington, D. C. 

4-20® 

0.71 

0.86 

0.71 

0.71 

0.71 

0.71 

0.71 

0.86 

0.86 

Wichita, Kans. 

4-10® 

0.86 


1.03 

0.94 

0.86 

0.86 

0.86 

0.86 



• Denver base temperature and exposure factors based on actual Weather Bureau 
records, but due to rapid changes and high altitude both temperature factors and combined 
temperature and exposure factors have been corrected to care for these conditions. 
(Copyright, Heating, Piping and Air Conditioning Contractors' National Association) 
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TABLE 17 

CONVEBSION FaCTOES 


Base 

Temperature 

Room Temperature 

80 

76 

70 



m 

50 

45 

40 

- 6 ® 

1.219 

1.104 

■ 1 

0.093 

0.811 

0.725 

0.646 

0.572 

0.498 

0® 

1.228 

1.111 

1 

0.896 

o.?x 

0.712 

0.628 

0.549 

0.472 

-f 

1.239 

1.119 

1 

0.892 

0.791 

0.698 

0.608 

0.525 

0.447 

+ 10® 

1.263 

1.123 

1 

0.886 

0.780 

0.680 

0.686 

0.498 

0.415 

+15® 

1.269 

1,13 

1 

0.878 

0.765 

0.669 

0.569 

0.465 

0.375 

+20® 

1.289 

1.14 

1 

0.870 

0.748 

0.634 

0.528 

0.427 

0.332 

+25® 

1.312 

1.151 

1 

0.859 

0.728 

0.604 

0.489 

0.380 

0.277 

+30® 

1.343 

1.166 

1 

0.845 

0.702 

0.666 

0.44 

0.312 

0.207 

+35® 

1.380 

1.183 

1 

0.829 

0.669 

0.519 


. 1 


+40® 

1.433 

1.21 

1 

0.806 

0.627 

0.453 


1 


+46® 

1.604 

1.243 

1 

1 

0.773 

0.561 

0.363 

1 





(Copyright, Heating, Piping and Air Conditioning Contractors* National Association) 


FORMULA 


Factor = 


Tr - Th 
70 - Tb 


X 


Ts - 70 
Ts - Tr 


Tr = Room Temperature 
Th == Base Temperature 
Ts = 215 deg. 

To calculate amount of radiation required for other room temperatures 
than 70 deg., compute the amount for 70 deg. and multiply by the factor 
shown corresponding to room temperature desired and proper base temperature. 


Up to this point the procedure has been the same as in the 
previous estimate, that is, the radiation has been estimated for a 
room to be kept at a temperature of 70 degrees. This radiation 
is now multiplied by a factor found in Table 17. We look first 
for the proper column (60 degrees) and then follow down till we 
reach the lino of the proper base temperature (+15®, see Table 16), 
The factor is 0.765. 

Then, 67.2 X 0.765 = 51.41 sq. ft. of radiation required. (Ans.) 
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TABLE 18 

Radiator Transmission Factors 


For Room Temperature of. 70 Deg. F. 

And Steam Pressure of. 1 Lb. Gage 

Direct Steam Radiation (Standard 3 Col. 38 in. 

High). 225 Btu. per square foot. 

Multiply by the following factors for the equivalent of 3 Col. 38 in. radian 
tion of the following types. 

Wall Coil. 0.75 

Double Wall CoU. 0.90 

Ceiling Coil. 1.00 

Wall Radiator. 0.82 

Double Wall Radiators. 1.00 

Wall Radiator (Ceiling). 1.00 

Increase Surface 

Indirect Steam Radiation. 50 per cent 

Direct Indirect Steam Radiation. 25 per cent 


Vapor Radiation: Open return line vapor systems, on which thermostatic 
traps are not used, require 10 per cent to 20 per cent additional surface in 
each radiator to act as a condenser and prevent the flow of steam into the 
return main. 

Hot Water Radiation: In figuring hot water radiators, assume mean tempera¬ 
ture of the water in the radiators to be 170 deg. Under this condition the 
amount of hot water radiating surface may be determined by adding 50 per 
cent to the amount of steam radiating surface figured. 


Similarly, if the amount of radiation is wanted when the room 
is to be heated by wall coils, by indirect steam radiation, by vapor 
radiation, by hot water radiation, etc., the factors for conversion 
given in Table 18 are used, 

Approziinate Method of Estimating Radiation.—A method of 
estimating radiation known as the 2-20-200 Method,’* formerly 
widely used, is not accurate but is presented here becausedt may 
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be used for quick rough estimates. It calls for one square foot of 
radiating surface for each 2 square feet of glass surface, one for 
each 20 square feet of net outside walls and one for each 200 cubic 
feet of room contents. We may express it in this fashion.. 

GW C ‘ 

Steam radiation, sq ft = —I-1- 

^ 2 20 200 

Where G = glass area in sq. ft. 

W — net exposed wall area in sq. ft. 

C = cubical contents of roon; in cu. ft. 


Applying this to the problem of Fig. 4 solved on page 468 we 
have 


26 195 1428 

Steam radiation = ■;r + + -;r— = 30 sq. ft. (Ans.) 


In designing a heating system the equivalent steam radiation 
for each room of a house must, of course, be estimated. These 
figures are used not only to determine the sizes of the radiators 
required but also the sizes of pipes and boilers. 

Pipe Sizes for Steam Heating System.—The proper pipe sizes 
for steam heating systems have been determined by years of research 
on the flow of steam in pipes by the American Society of Heating 
and Ventilating Engineers’ Laboratory and the results have been 
compiled into convenient tables jointly by that society and the 
Heating and Piping Contractors National Association. We 
present here, by the courtesy of these organizations, the tables 
which a pply to small heating systems. 

Most of the tables for the smaller heating systems apply only 
where the equivalent length of run from boiler or source of supply 
to the farthest radiator does not exceed 200 feet. This length of 
run does not only include the actual lengths of the pipes but also 
lengths to be added for the fittings as given in Table 19. 
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Table 19. Length in Feet of Pipe to be Added to .Actual Length of Run- 
Due TO Fittings—TO Obtain Equivalent Length 


Sub OF Pipe 
Inches 

St*D. Elbow 

Side Outlet 
Tee 

Gate Valve 

Globe Valve 

Ancle Valve 

Length in Feet to be Added in Run 

2 

mm 

16 

2 

18 

9 

2^ 


20 

3 

25 

12 

3 


26 

3 

33 

16 

3H 


31 

4 

39 

19 

4 

14 

35 

5 

45 

22 

5 

18 

44 

7 

57 

28 

6 

22 

50 

9 

70 

32 

7 

26 

55 

10 

82 

37 

8 

31 

63 

12 

94 

42 

9 

35 

69 

13 

105 

47 

10 

39 

76 

15 

118 

52 

12 

47 

90 

18 

140 

63 

14 

53 

105 

20 

160 

72 


HFASmO LBMQ7H. • 

Example of length in k-- 

feet of pipe to.be added -V, 

to actual length of run. 1, — " . I.J 


Gopyrignt, 'American Society of Heatino and Ventilating Engineers. 
























HEATING 


489 


Tablb 20. Pipe Sizes for One-Pipe Air-Vent Low Pressure Steam Hbatino 
System, ^where Equivalent Length of Run from Boiler or Source of 
Supply to the Farthest Radiator does not exceed 200 ft. 

Capacity in Sq. Ft, of Equivalent Radiation 
Based on Total Pressure Drop of 1 ox. ppr 100 ft. 



Svrnr Main Dxippxd 

PIPE 

and Branches to 

siza 

Risbrs Dripped 

IMCHBS 

Stoam and Condensate 


flowing in the same 
direction. 




Bxancbxs to 
S vpptr Rnxxs and 
Radutors 

Not Dxippxp 

Wwr 

RaruxM 

Main 

Dn 

E 



20 

700 

55 

1200 

SI. 

1900 

165 

4000 

260 

6700 

475 

10,700 

745 

_ 


Radutox 
Dsr Vavtm Bias 
Ranmn and 

Maim Vixtical 

CONMXOnONS 




tovr I Auxrican Societt or Hxatino and Vsntilatino Enoinkbss \ Not to be Reprinted Wlth- 
^ Heating and Piping Contradore National Aeeoeiation / out Special Permission 

INSTRUCTIONS FOR USING TABLE 20 

^1. Radiator branches more than 8 ft. in length should be one size larger than shown 
in Col. D. 

2. These tables apply where pipes are properly reamed. No allowances for defective 
material or workmanship have been made. 

3. Capacities based on ^ lb. condensation per square foot per hour equivalent 
radiation and actual diameter of standard pipe. 

4. Extra length to be added to straight run o£ pipe, for various fittings and valves 
to determine equivalent length., (See Table 19). 

5. Where it is necessary to drip a steam main, branch to riser or risers, same should be 
dripped separately into wet return. 

6. Pitch of mains should be not less than K in. in 10 ft.; on horizontal branches to 
radiators and risers at least H in< in 10 ft. 

7. In general it is desirable not to have a supply main smaller than 2 in. in diameter. 
When the supply main is larger than 2H in. at the beginning, it is desirable that it; 
shall not be smaller than 2yi in. at the end. 
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Sizes of Pipe for Hot Water Heating Systems.—The following 
tables are based upon the studies made by Professor Elmer G. 
Smith at the Engineering Experiment Station of the Agricultural 
and Mechanical College of Texas, and presented by him before 
the American Society of Heating and Ventilating Engineers and 
reprinted by the kind permission of the Heating and Piping 
Contractors National Association. 



Fig. 7.—Typical Air-vent Two-pipe Steam System. 


The foundation of this method is the use of a predetermined 
orifice in the supply connection to each and every radiator. In 
designing a system of hot water piping, the resistance of the mains 
must be kept low enough so that the pressure head produced by 
the heater is great enough not only to overcome the friction in the 
mains, but leave a surplus large enough to insure the pressure in 
the flow main being greater than that in the return main at all 
times. Also friction should be introduced in every radiator circuit 
of sufficient amount to absorb the pressure head created by that 
circuit, as well as that occurring in the mains at the point at which 
this particular radiator is connected. To accomplish this, the use 
of orifices in each radiator circuit becomes essential. 
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TABLE 21 

Pipe Sizes for Two Pipe, Gravity, Low Pressure Steam, Where Equiva¬ 
lent Length of Run from Boiler or Source of Supply to Farthest 
Radiator Does Not Exceed 200 Ft. 


Capacity in Sq. Fi. of Equivalent Radiaiion 
Based on Total Pressure Drop of 1 oz*. per 100 ft. 


Pipe 

Size 

Inches 

Supply Main 
Dripped 
and Branches to 
Risers Dripped, 
Steam and Con> 
densate Flowing 
in Same Direction 

Supply 

Risers 

Up- 

Feed 

Branches to 
Supply Risers 
and 

Radiators 

Not 

Dripped 

Return 

Risers 

1 

Wet 

Return 

Main 

Dry 

Return 

Main 

Radi¬ 

ator 

Supply 

Valve 

Radi¬ 

ator 

Return 

Valve 

A 

B 

C 

D* 

E 

F 

Q 

H 

I 

H 


30 


122 


mm 

30 

122 

1 

66 

66 

26 

320 

700 


66 

190 


122 

mm 

68 

670 

1,200 

1 

670 

122 

386 

IH i 

190 

■il 

96 

1,068 

1,900 

1,068 



2 

386 

386 

195 

2,300 


2,300 

386 


2H 

635 

636 

396 

3,800 

6,700 




3 


■fii 

700 

7,000 

10,700 

7,000 



3H 

■bqIH 


1,160 

10,000 

loiooo 



4 

2,467 

2,042 

1,700 






5 

4,646 


3,150 










. 



0 

7,462 

















(Copyright, 1927, Heating and Piping Contractors* National Association, American Society 
of Heating and Ventilating Engineers) 

* Radiator branches more than 8 ft. in length should be one size larger than shown in 
Column D. 

1. These tables apply where pipes are properly reamed. No allowances for defective 
material or workmanship have been made. 

2. Capacities based on ^ lb. condensation per square foot equivalent radiation and 
actual diameter of standard pipe. 

3. Extra length to be added to straight run of pipe, for various fittings and valves to 
determine equivalent length. (See Table 19.) 

4. Where it is necessary to drip a supply main, supply riser or branch to a supply riser, 
same should be dripped separately into a wet return or through an adequate seal into a 
dry return. Never drip a supply pipe into a dry return except through an adequate seal. 

6. Pitch of pipe should be not less than H in. in 10 ft.; on horisontai branches to radi* 
ators, at least H in. in 10 ft. 
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To insure approximately the same heat emission from the most 
remote radiators as from those nearer the heater, it becomes neces¬ 
sary to decrease the amount of water flowing through the nearby 
radiators, thereby causing a greater temperature drop through 
these radiators and increasing the flow through the more remote 
radiators in proportion to their distance from the heater. To 



facihtate the application of this principle the system is divided 
into zones, and orifices are determined for each radiator, dependent 
upon the zone in which the radiator lies. The size of these orifices 
is also dependent upon the height of the radiator above the heater. 
Similarly, risers supplying groups of radiators are determined from 
the tables in accordance with the zone in which they occur. The 
capacity of flow and return mains is dependent upon their total 
horizontal length. 

The following tables have been prepared in accordance with 
the principles outlined above. They are intended to apply 
primarily to installations utilizing solid fuel such as coal or wood, 
but are applicable to any systems that have a reasonably constant 
fire. If the fire goes completely out at frequent intervals leaving 
only a pilot, it is usually desirable to install a pump that operates 
whenever the fire comes on. 
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Tabi,e 22. Pipe Sizes for Two-Pipe Vapor^ Systems, where Equivalent Lbnotb 
OP RUN FROM Boiler or Source of Supply to Farthest 
Radiator does not exceed 200 Ft. 

Capacity in Sq, FL of Equivalent Radiation 
Based on Total Pressure Drop of 1 os. per 100 ft. 


Pin 

Btza 

Incbks 

Bdpplt Main 
Drippid and 
Brancbbs to 
Ruxim 
Dripped 

Steam and Gon- 
deneate flowing in 
lame direction. 

Supptr Risiri 

Up-Foed 

Brancbxs to Sdpplt 
Riurs and Radutors 
Not Drippbd 

4 

RBTtTRN 

RiBwm 

War 

Rxtdbm 

Main 

Dar 

Rammiv 

Maoi 

A 

B 

C 

Dn 

E 

r 

a 


.... 

30 


190 



1 

56 

56 

26 

450 

700 

320 


122 

122 1 

58 

990 

1200 

670 


190 

190 1 

95 

1500 

1900 

1058 

2 

386 

386 

195 

3000 

4000 

2300 


635 

635 

395 


6700 

3800 

3 

1163 

1129 

700 


10.700 

7000 

3 H 

1737 

1548 

1150 



10,000 

4 

2457 

2042 

1700 



jggg/t 

5 

4546 

— 

3150 

IB9I 

iMiii 

B 

6 

7462 

Different makes of supply and return valves, steam traps and other 



specialties vary as to capacity, therefore use size as recommended f<w 



any particular make. Vertical connections to be of same size as valve 



and trap used. Return horizontal runout to be not less than H In* 


_ m , -oTT / AmcRicAN Socisrr or Hbatino and VsimLATiNO Enoinbsbs \ Not to be Reprinted Wlth- 

A^pyngnr, ^ Hwting and Piping Contractort NaiUmd AttowUion J out Special Permission 

INSTRUCTIONS FOR USING TABLE 22 

>1. Radiator branches more than 8 ft. in length should be one size larger than shown 
in Column D, 

^2. This table is for systems which are open to atmosphere or operate under slight 
pressure or partial vacuum without use of vacuum pumps. 

3. These tables apply where pipes are properly reamed. No allowances for defective 
material or workmanship have been made. 

*4. Capacities based on li lb. condensation per square foot per hour equivalent 
radiation and actual diameter of standard pipe. 

6. Extra length to be added to straight run of pipe for various fittings and valves 
to determine equivalent length. (See Table 19.) 

6. Where it is necessary to drip a supply main, supply riser or branch to a supply 
riser, same should be dripped Mparately into a wet return. The drip for a vapor or 
vacuum system may be taicen into a dry return through a steam trap. 

7. Pitch of mains should be not less than in. in 10 ft.; on horizontal branches to 
radiators and risers at least H in* ui 10 ft. 

8. In general it is desirable not to have a supply main smaller than 2 in. in diameter. 
When the supply main is larger than 2}i in. at the begmnmg, it is desirable that it 
•hall not be smaller than m. at the end. 
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Use of Tables.—^The method to be^'pursued in applying these 
tables in practice is as follows: 

1. Measure the horizontal length of the longest line from the 
heater to the farthest end. Divide this length*into three equal 
parts. All radiators or risers connected to the main in the one* 
third closest to the heater are in Zone 1, those in the middle third 
are in Zone 2, and those in the farthest third are in Zone 3. 



2. Select the proper size radiator connections and orifices for 
each radiator from Table 26 depending upon the floor on which 
the radiator is located and the zone in which it lies. 

3. Select the proper size riser from Table 25, depending on the 
zone in which it lies. 

4. Select the sizes of the mains from Table 24, using the column 
nearest to but next larger than the actual total length of the main. 
In cases where branches from the main containing more than one 
radiator or riser occur, figure this branch as a separate main 
measured from the heater to its end, looking up the capacity in the 
table under the correct length as noted above. 
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Note 1.—It is imperative that first floor radiators be con¬ 
nected directly to the mains. 

Note 2.—In designing the location of flow and return mains, 
they should be so installed that only one elbow in addition to 
that at the top of the main heater riser ^hall occur in the first 
zone. If the use of more than one elbow is unavoidable in that 
section of the main, the main should be increased one size from 
that shown in the tables. 

5. The main heater riser is that portion of the main rising 
vertically from the heater to the horizontal mains. In all cases 
this main heater riser should be at least one size larger than the 
mains. 

Note 1,—Orifices are readily made of sheet copper, No. 20 
gage. The outside diameter should be such that it will wedge 
tightly in place in the tailpiece of the supply valve union. 
Orifices should be accurately drilled to the correct size. 

Note 2.—If possible, the piping should be so arranged that 
a large radiator is located on the end farthest from the heater 
of each line. This is not absolutely necessary but it is highly 
desirable. 

Note 3.—It is recommended that the flow mains and hori» 
zontal runouts be covered. The covering of the return mains 
and horizontal runouts is optional. 

Note 4.—If a system having all the piping bare is desired, 
the orifice and radiator connections for the last radiator on each 
line should be selected as if the radiator were 60 percent larger 
than it actually is. Thus, if the last radiator is actually rated 
at 100 square feet, look up the orifice and connections required 
for a 150-square foot radiator in Zone 3. 

Selecting Size of Boiler.—The boiler of a heating system must 
provide capacity for: 

1. The radiators which heat the rooms. 

2. The heat lost in the pipes, 

3. The heat consumed in water heaters and other appliances. 
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Table 23. Pips Sizes for Vacuum Pump Systems, where Equivalent Length op Run prom 
Boiler or Source op Supply to Farthest Radiator Exceeds 200 Ft. 

Capacity in Sq, Ft, of Equivalent Radiation 

Bsasd on 4 os. Total PreMuro Drop 


Equitaunt Linotb or Pin ntov Boom to FARmn Radutob, 
Inclooimq Main and Ribbb. (See Na$ 8.) 

Supply Midn Dripped and Branebee to Risen Dripped*-' 
Steam and (yondensate flowing in same direction. 




400 Ft. 

500 Ft 


P 

taBM 


56 

49 

122 

190 

386 

635 

1163 

1737 

no 

165 

345 

568 

1040 

1552 

2457 

2196 

4546 

4062 


Branches to 
Supply Risen and 
Radiaton Not Dripped 


10,553 8618 

21,967 17,935 


56,689 40,085 32,730 

90,985 64,336 52,530 



6669 6094 

13,880 12,682 



RaroNN Mains and Risxrs 


2 8000 5680 

2 2 H 13,400 9510 



300 Ft 

400 Ft 

500 Ft 

N 

0 

P 

462 

400 

358 

810 

700 

626 

1387 

1200 

1073 

2195 

1900 

1698 

4622 

4000 

3575 

7745 

6700 

5990 

12,360 

10,700 

9565 

18,490 

16,000 

14,300 

25,430 

22,000 

19,660 



SDTT / Ambbican SociBTT 0 * HsATOfo AND ViNTiLATiNO Enoinibbs \ Not to bo Rcoiinted Wlth- 
Ciopyngac, itj 7 ^ HsoNap oiid npitip Cefibaden iVatwaal AswcMtim / out SpccUlPerniUalon 
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INSTRUCTIONS FOR USING TABLE 23 

•1. Radiator branches more than 8 ft. in length should be one size larger than shown 
in Column /. 

2. It is not generally considered good practice to greatly exceed 1 oz. drop in pressure 
in each 100 ft. equivalent length of run nor to exceed 1 lb. total pressure drop in any 
system 

3. These tables apply where pipes are properly reamed. No allowances for defective 
material or workmanship have been made. 

4. Capacities based on lb. condensation per square foot per hour equivalent 
radiation and actual diameter of standard pipe. 

5. Extra length to be added to straight run of pipe, for various fittings and valves 
to determine equivalent length* (See Table 19), 

6. Mains are to be propoptioned according to the equivalent length of run from the 
boiler or source of supply to the farthest radiators supplied by the main. 

Determine equivalent length of run then use figures in corresponding Columns 
{B to G) for sizing the entire run. 

For example: If the distance from boiler or source of supply to the farthest radiator 
on the longest main should be 300 ft., all mains are to be sized from Column D; if 400 ft., 
Column E; if 600 ft., Column C». 

Supply risers are to be proportioned according to the equivalent length of run from 
the boiler or source of supply to the farthest radiator on each riser. Determine the 
distance to the farthest radiator then use figures in corresponding Columns (B to G) 
for sizing each riser; providing the amount of radiation for that riser does not exceed 
amounts shown in Column H. Where riser capacities are found to be in excess of 
amounts shown in Column H, step up to necessary size indicated in that column. 

For example: If the distance from the boiler or source of supply to the farthest 
radiator on a supply riser is 300 ft., that riser is to be sized from Column D, providing 
the amount of radiation does not exceed the amount shown in Column H. If the amount 
exceeds that in Column H, use amounts shown in Column H for sizing that entire riser. 

If another riser taken from the same main as the one indicated is only 200 ft., this 
riser should be sized from Column C, providing the amount of radiation does not exceed 
that as shown in Column H. 

7. For practical purposes the pipe sizes on the usual heating systein may be deter¬ 
mined by using the pressure drop indicated by the longest main and riser on tnat system, 
neglecting the separate computations for each separate shorter run, 

8. Return mains and risers are to be proportioned according to the equivalent 
distance in feet, from farthest radiator to the vacuum pump; using capacities in 
corresponding Columns (L to Q) for sizing entire return riser (Column J) and return 
main (Column K), The return pipe sizes are conservative and are subject to revision 
upon the completion of pending research investigations. 

9. Where it is necessary to drip a supply main, supply riser or branch to a supply 
riser, same should be dripped separately through a steam trap into vacuum return. 
Never drip a supply riser into a vacuum return, except through a steam trap. 

10. Lift fittings. 

11. Pitch of mains should be not less than H in. in 10 ft.; on horizontal branches to 
radiators and risers at least ^ in. in 10 ft. 
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4. Reserve capacity needed for starting up a cold system, for 
intermittent firing, and careless operation. 

Since the capacities of commercial heating boilers are rated in 
terms of square feet of equivalent direct radiation, it is convenient 
to reduce all of the factors to these terms. The radiation for a 
house is, of course, the sum of the radiation required by each room. 

The loss of heat from the pipes varies with the installation and 
the degree and kind of pipe covering, if any. However, a fiat 
allowance of 25 percent for steam systems and 35 percent for hot 
water systems, of the total radiation for the house is considered 
good practice for general installations. 


TABLE 24 

Pipe Sizes for Gravity Circulation Flow and Return Mains 
Capacity in Square Feet of Equivalent Radiation 


Pipe 

Length in Feet of Main 

Size, 









Inches 

20 Ft 

40 Ft 

60 Ft 

80 Ft 

100 Ft 

150 Ft 

200 Ft 

300 Ft 


38 

28 


mm 

mmmw 




1 

69 

52 

41 


mmMM 









MHRm 





136 

106 

87 

75 

67 




m 

201 

154 

129 

114 

103 

82 



2 

376 

291 

242 

mm 

189 

166 

134 


2H 

603 

470 

409 


340 

275 

225 

162 

3 

1076 

890 

768 

670 

601 

498 

435 

329 


1568 

1282 

1111 

998 

910 

767 

670 

494 

4 

[MR 

1728 

1480 

1337 

1260 

1102 

975 

659 

5 

^M 


2640 

2395 

2225 

1908 

1686 

1270 

6 

■ 

mu 

4210 

3900 

3650 

3162 

2800 

2180 


(Copyright. Heating and Piping Contractors* National Association) 
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TABLE 25 

PiFB SiZBB FOB GbAVITT CiBCtJIATION FlOW AND RbTOBN RiSBBS 
Capacity in Square Feet of Equivalent Radiation 


Pipe 

Size, 

Inches 

Zone 1 



Pipe 

Size, 

Inches 

4 

Zone 1 

Zone 2 

Zones 

H 

35 

■1 

20 


420 

360 

240 

H 

70 

IbI 

40 

2 

800 

700 

450 

1 

140 

120 

80 

2J4 

1300 

1000 

700 

IM 


240 

160 






Note.—For long branches, increase the size of the runout one size larger 
than the riser. Increase all runouts for 2 in. and 2}^ in. risers one size larger 
than the riser. 

(Copyright, Heating and Piping Contractors National Association) 

The allowance of equivalent radiation for water-heating appli¬ 
ances is made on the foUowing basis *: for water boilers with coil 
in firebox, 2^ sq. ft. equivalent direct water radiation per gallon of 
storage tank capacity; for externally attached water heaters below 
water-line of ste»m boilers, 1^ sq. ft. of equivalent direct steam 
radiation per gallon of tank capacity; and for externally attached 
water heaters below the water line of steam boilers without storage 
tank, 4 square feet for each gallon of water heated per hour. 

The reserve capacity needed for small boilers is from 50 to 
65 percent of the total capacity needed for other purposes. 

Illustration: A building has an estimated direct radiation 
requirement for steam heating of 440 square feet and an externally 
attached water heater connected to a 120-gallon storage tank. 

* From The Ideal Filter, American Radiator Co. 
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Maximum Capacity in Square Feet of Equivalent RaduUion 


660 


HANDBOOK OF APPLIED MATHEMATICS 


Radiator 

Connec¬ 

tions, 

Pipe 

Size, 

Inches 




:s? 

fH 

•c S 

O <0 


mm 



Zone 3 

4th 

Floor 


63 

72 

89 

100 

110 

m 

m 

3rd 

Floor 

00 CO lO <0 CO 00 

»H « CO ^ 

« o ijt CO 1-1 
kO (O 00 0) 

CO »o *-* 

*H ^ CD 
iH 1-4 

109 

2nd 

Floor 

<DOU0a}00’<4'»« 
rH 1-4 CO CO 

h- 1- 1-1 

"le Id* »o «o 1- 

*-• ID 

00 1-4 Cd 

IH T-l 

147 

186 

1st 

Floor 

mm 

O Id* CD CO 

CO CO Id* ^ *o 

•*d* iH Cd 

CD 00 Ok 

Ck 1- ID 

O CO CO 

Zone 2 

4th 

Floor 

« « CSI O CO 1-1 
fh cq CO « t- 00 

IH fH 1-4 

189 


3rd 

Floor 

Oi ^ »0 O *-i 

1-4 IH Oi CO *0 <0 ® 

73 

84 

103 

117 

128 

158 

200 


2nd 

Floor 

0» ■4jt .-1 b- 0> ® (N 

M CO *0 

CO >D O O 00 

ID CD 00 Ok a» 

iH b- Id* 

Cd ID K 

1H f-4 1H 


1st 

Floor 

r-t r-t OI W CO CO 


CO CO ID 

Ok 1-1 CO 

1-* 1-4 

158 

200 

Zone 1 

4th 

Floor 

«0 lO Is. 00 O) CO 

1-1 CS| CO <0 00 00 

100 

116 

141 

160 

175 



3rd 

Floor 

eoi-4i-ioooo>c- 
1H CO ^ *0 ® b- 

^ b- 00 ^ CD 

W 0> 1-* CO Id* 

?H fH lH 

1-4 

00 . • 

1-4 • • 

: : : 

2nd 

Floor 

«0 b- ’ll* Cl «0 Q 

1-4 i-H e« CO io ^ 

CD CD W ID ID 

CD b- 0» O 1-4 

I-i 1H 

-4 Cd 

Id* 00 . 

1-1 1-4 


1st 

Floor 

00 CO OJ *0 lO *-4 '4fl 

1H rH <N CO If -S' 

C< 0> »-* O 1^ 
lO lO b- 00 0> 

s ® s 

S * ‘ 

Ori¬ 

fice 





Radiator 

Connec- 

tions. 

Pipe 

Size, 

Inches 

\ 





(Copyright, Heating and Piping Contractors* National Association) 

Note.—The radiator connections include all the piping between a radiator and its risers if the radiator is situated on the 
floor or higher, or all the piping between the radiator and the mains U it is situated on the first floor. 
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What rated boiler capacity will it require if a reserve capacity of 


60 percent is deemed ample? 

440 sq. ft. steam radiation.= 440 sq. ft. edr.* 

Piping loss (440 X 0.25). = 110 sq. ft. edr. 

Water heater (120 X l-J).= *180 sq. ft. edr. 

Total.;.= 730 sq. ft. edr. 

Capacity for warming up (730 X 0.60). 438 sq. ft. edr. 

Required capacity of boiler.« 1168 sq. ft. edr. (Ans.) 


Reputable boiler manufacturers have accurate performance 
records for all of their boilers and are prepared to guarantee the 
rated capacities. 

Warm Air Heating Systems.—The design of warm air heating 
systems has been more or less standardized and published in the 
form of a Code by the National Warm Air Heating Association. 
It is possible here to illustrate only the essential steps. These 
involve the determination of the following items f: 

1. The heat loss in Btu per hour from each room in the building, 

2. Area and diameter in inches of warm-air pipes in basement 
(known as leaders). 

3. Area and dimensions in inches of vertical pipes (known as 
wall stacks). 

4. Free and gross area and dimensions in inches of warm-air 
registers. 

5. Area and dimensions of recirculating or outside air ducts in 
inches. 

6. Free and gross area and dimensions in inches of recirculating 
registers. 

7. Size of furnace necessary to supply the warm air required to 
overcome the heat loss from the building. This size should include 

* Equivalent direct radiation. 

tFrom the 1933 Guide, American Society of Heating and Ventilating 
Engineers. 
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square inches of leader pipe area which furnace must supply. It is 
also desirable to call for a m inimum bottom fire-pot diameter in 
inches, which is the nominal grate diameter. 

8. Area and dimensions in inches of chimney and smoke pipe. 

Heat Loss in Btu per Hour.—The heat loss in Btu per hour can 
be arrived at conveniently and with sufficient accuracy by using 
the tables for estimating steam radiation and multiplying by 225, 
the equivalent Btu emission per hour on which the tables are 
based. Thus, in the problem of estimating the heat requirements 
for the room in Fig. 4, we found that the direct steam radiation 
required was 32.9 square feet. Multipl3ang this by 225 we find 
the heat loss to be about 7400 Btu per hour. 

Size of Leader Pipes.—When a warm air system is designed 
to give an air temperature of 175 degrees Fahrenheit at the 
registers, and H represents the heat in Btu per hour to be supplied 
to a room, then the approximate area of the leaders should be: 

For the first floor, 0.009H sq. in. 

For the second floor, 0.006H sq. in. 

For the third floor, O.OOS^f sq. in. 

Illustration: A first-floor room requires 7400 Btu per hour. 
What size of leader pipe will it require? 

0.009 X 7400 == 66.6 sq. in. = area of leader 
2v-= 9J inches (approx.) = diameter of leader 

(Table 27 is convenient for converting area of circle to diam¬ 
eter) 

A 9-inch leader would be used in this case. They are installed 
only to the nearest inch and no leaders smaller than 8 inches in 
diameter should be used. . 

Stacks and Registers.—The sizes of wall stacks and registers 
do not lend themselves to mathematical determination. How¬ 
ever, accepted practice is to make the area of stacks greater than 
70 percent of the area of the leaders to which they are connected. 
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Registers should have a net area not less than the area of the leader 
which connects with it. 

Determining Size of Furnace.—While there are a number of 
factors entering into the selection of a furnace, that of the grate 
area is perhaps the most important. 

When If represents the total heat loss from a house and 175° F. 
is the desired air temperature at the registers, the proper grate 
area in square inches is represented by the formula: 

Grate area (175° F.) = 6.0034i? 

When the desired air temperature at the registers is 160° F., the 
formula becomes: 

Grate area (160° F.) == 0.0040H 

These formulas include a 20 percent allowance for heat losses 
between the furnace and the registers. 

Illustration : The estimated heat loss of the rooms of a build¬ 
ing is 65,000 Btu per hour. What grate area should the furnace 
have if the desired air temperature at the registers is 175° F.? 
Grate area = 0.0034ff = 0.0034 X 65,000 
Grate area = 221 sq. in. (Ans.) 

Illustration: Another building has an estimated heat loss 
from the rooms of 56,000 Btu per hour and the register air tempera¬ 
ture desired is 160° F. What grate area is required to satisfy 
these needs? 

Grate area = 0.0040ff = 0.0040 X 56,000 
Grate area = 224 sq. in. (Ans.) 

References.—Further information on the subject of heating may be 
obtained from the American Society of Heating and Ventilating Engineers 
Guide and from the published Standards of the Heating and Piping Con¬ 
tractors’ National Association. Data on oil burning may be found in the 
Handbook of Oil Burning published by the American Oil Burner Associa¬ 
tion. The Anthracite Institute publishes an Anthracite Coal Manual 
which contains short practical methods of estimating heating require¬ 
ments. Manufacturers of boilers and radiators such as Richardson & 
Bo 3 mton Company and the American Radiator Company publish manuals 
which contain not only performance data on the products they manufac¬ 
ture but also tables and information of general value to the heating man. 
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TABLE 27 


Circumference and Areas of Circles 


Diameter. 

Circumfer¬ 

ence. 

Area. 

Diameter. 

Circumfer¬ 

ence. 

Area. 


0.0491 

0.00019 


2.1108 

0.35454 

* 

0.0082 

0.00077 

n 

2.1598 

0.37122 


0.1473 

0.00173 

u 

2.2089 

0.38829 

* 

0.1964 

0.00.307 

li 

2.2580 

0.40574 


0.2454 

0.00479 

ii 

2.3071 

0.42357 

A 

0.2945 

0.00G90 

H 

2.35G2 

0.44179 


0.3430 

0.00940 

If 

2.4053 

0.46039 

yi 

0.3927 

0.01227 

2 5l 

3 i 

2.4544 

0.47937 


0.4418 

0.01553 

If 

2.5035 

0.49874 

A 

0.4909 

0.01918 

n 

2.5525 

0.51849 

li 

0.5400 

0.02320 


2.G016 

0.53862 

A 

0.5890 

0.027G1 

11 

2.6507 

0.55914 

ii 

0.G381 

0.03241 

II 

2.G998 

0.58004 

■jV 

0.0872 

0.037.58 

H 

2.7489 

0.60132 

ll 

0.7303 

0.04314 

If 

2.7980 

0.62299 

X 

0.7854 

0.04909 

if 

2.8471 

0.64504 

U 

0.8345 

0.05542 

If 

2.8962 

0.60747 


0.8830 

0.0G213 

il 

2.9452 

0.69029 

If 

0.9327 

0.06922 

H 

2.9943 

0.71349 


0.9818 

0.07670 

Iff 

3.0434 

0.73708 


1.0308 

0.08456 

If 

3.0925 

0.76105 

iff 

1.0799 

0.09281 

1 

3.1416 

0.78540 

u 

1.1290* 

0.10144 


3.1907 

0.81013 

H 

1.1781 

0.11045 

1* 

3.2398 

0.83525 


1.2272 

0.11984 


3.2889 

0.86075 

f| 

1.27G3 

0.129G2 


3.3379 

0.88664 

jl 

1.3254 

0.13979 

Vt 

3.3870 

0.91291 


1.3744 

0.15033 


3.4361 

0.93956 

el 

1.4235 

0.1G126 


3.4852 

0.96660 


1.4726 

0.17258 

iH 

3.5343 

0.99402 


1.5217 

0.18427 

lA 

3.5834 

1.02182 


1.5708 

0.19635 

l/z 

3.6325 

1,05001 


1.6199 

0.20881 

i|f 

3.6816 

1.07858 

li 

1.GG90 

0.22166 

1-^5 


1.10753 


1.7181 

0.23480 

IJf 

3.7797 

1.13687 

A 

1.7671 

0.24850 

1/2 

3.8288 

1.16659 


1.8162 

0.26250 

4f 

3.8779 

1.19670 

II 

1.8053 

0.27088 

IX 

3.9270 

1.22718 

II 

1.9144 

0.29165 

ijf 

3.9761 

1.25806 

H 

1.9635^ 

0.30680 


4.0252 

1.28931 


2.0126 

0.32233 

ill 

4.0743 

1.32095 

. il 

2.0617 

0.33824 

1 * 

4.1233 

1.35297 
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4.1724 

1.38538 

2}^ 

6.6759 

4.2215 

1.41817 

2* 

6.8722 

4.2706 

1.45134 

2X 

, 7.0686 

4.3197 

1.48489 

2A 

7.2649 

4.3688 

1.51883 

2H 

7.4613 

4.4179 

1:55316 

2i^5 

7.6576 

4.4670 

1.58786 

2;<. 

7.8540 

4.5100 

1.62295 

2/5 

8.0503 

4.5651 

1.65843 

2H 

8.2467 

4.6142 

1.69428 

2H 

8.4430 

4.6633 

1.73052 

2U 

8.6394 

4.7124 

1.76715 

2|| 

8.8357 

4.7615 

1.80415 

2^8 

9.0321 

4.8106 

1.84154 

211 

9.2284 

4.8597 

1.87982 

3 

9.4248 

4.9087 

1.91748 

3iV 

9.6211 

4.9578 

1.95602 

3H 

9.8175 

5.0069 

1.99494 

BA 

10.0138 

5.0560 

2.03425 

3X 

10.2102 

5.1051 

2.07394 

BA 

10.4066 

5.1542 

2.11402 

BH 

10.6029 

5.2033 

2.15448 

BA 

10.7992 

6.2524 

2.19532 

BH 

10.9956 

5.3014 

2.23654 

BA 

11.1919 

5.3505 

2.27815 

BH 

11.3883 

5.3996 

2.32015 

BH 

11.5846 

5.4487 

2.36252 

BH 

11.7810 

5.4978 

2.40528 

BH 

11.9773 

5.5469 

2.44843 

BH 

12.1737 

5.5960 

2.49195 

BH 

12.3701 

5.6450 

1 2.53586 

4 

12.5664 

5.6941 

2,58016 

4A 

12.7628 

5.7432 

2.62483 

4H 

12.9591 

5.7923 

2.66989 

4A 

13.1554 

5.8414 

2.71534 

4H 

13.3518 

6.8905 

2.76117 

4A 

13.5481 

5.9396 

2.80738 

4H 

13.7445 

5.9887 

2.85397 ! 

4A 

13.9408 

6.0377 

2.90095 

4H 

14.1372 

6.0868 

2.94831 

4A 

14.3335 

6.1359 

2.99606 

4H 

14.5299 

6.1850 

3.04418 

4H 

14.7262 

6.2341 

3.0927 

4H 

14.9226 

6.2832 

3.1416 

4H 

15,1189 

6.4795 

3.3410 II 

4H 

15.3153 


3.5466 

3.7584 

3.9761 

4.2 

4.4301 

4.6664 

4.9087 

5.1573 

5.4119 

5.6727 

5.9396 

6.2126 

6.4018 

6.7772 

7.0686 

7.3662 

7.6699 

7.9798 

8.2958 

8.6179 

8.9462 

9.2807 

9.6211 

9.9678 

10.3206 

10.6796 

11.0447 

11.4160 

11.7933 

12.1768 

12.5664 

12.9622 

13.3641 

13.7721 

14.1863 

14.6066 

15.0330 

15.4656 

15.9043 

16.3492 

16.8002 

17.2573 

17.7206 

18.19 

18.6655 
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Tabud ^.—ConHnued 


Diameter. 

Circumfer¬ 

ence. 

Area. 



Area. 

412 

15.511G 

19.1472 

lox 

32.9868 

80.5906 

5 

15.7080 

19.6350 

lox 

33.3795 

88.6643 

5'A 

10.1007 

20.6290 

10 X 

33.7722 

90.7625 


10.4034 

21.6476 

lOX 

34.1049 

92.8858 


10.8801 

22.6007 

11 

34.5576 

95.0334 


17.2788 

23.7583 

ii'A 

34.9503 

97.2055 

5H 

17.6715 

24.8505 

iiX 

35.343 

99.4019 

&H 

18.0042 

25.0073 

iiH 

35.7357 

101.6234 

5H 

18.4509 

27.1084 

iiX 

30.1284 

103.8091 

0 

18.8490 

28.2744 

iiX 

3(J.521l 

10(5.1394 

O'A 

10.242:j 

20.4048 

11 X 

30.9138 

10S.433S 

ex 

10.035 

30.0797 

iiX 

37..3005 

110.7537 

GH 

20.0277 

31.0191 

12 

37.0992 

113.098 

ox 

20.4204 

33.1831 

12X 

38.4840 

117.859 

6H 

20.8131 

34.4717 

12 X 

39.2700 

122.719 

ox 

21.2058 

35.7848 

12X 

40.0554 

127.677 

ox 

21.5085 

37,1224 

13 

40.8408 

132.733 

7 

21.0012 

38.4840 

13X 

41.0202 

137.887 

’J'A 

22.3830 

30.8713 

13X 

42.4110 

143.139 


22.7700 

41.2826 

13X 

43.1970 

148.490 

7X 

23.1003 

42.7184 

14 

43.9824 

153.938 

■ 7X 

23.5020 

44.1787 

14X 

44.7078 

159.485 

7X 

23.0547 

45.0(i30 

14^ 

45.5532 

165.130 

7X 

24.3474 

47.1731 

14X 

40.3380 

170.874 

7X 

24.7401 

48.7071 

15 

47.1240 

176.715 

8 

25.1328 

50.2056 

ir>X 

47 9094 

182.655 

8A 

25.5255 

51.8487 

15X 

48.0948 

188.692 

8 X 

25.9182 

53.4561 

15X 

49.4802 

194.828 

8 X 

20.3100 

55.0884 

10 

50.2056 

201.002 

8 X 

20.703<} 

50.7451 

lOX 

51.051 

207.395 

8 X 

27.00(i3 

58.4204 

16X 

51.8304 

213.8^5 

8 X 

27.489 1 

00.1319 

lOX 

52.6218 

220.354 

8 X 

27.8817 1 

61.8025 

17 

53.4072 

226.981 

9 

28.2744 

03.0174 

17X 

54.1926 

233.700 

9X 

28.0071 

05.3908 

17X 

54.9780 

240.529 

9X 

29.0598 

07.2008 

17X 

55.7634 

247.450 

9X 

29.4525 

09.0293 

18 

50.5488 

254.470 

9X 

29.8452 

70.8823 

18X 

57.3342 

261.587 

»X 

80.2379 

72.7599 

18 X 

58.1196 

268.803 

9X 

30.6300 

74.6019 

18X 

58.905 

276.117 

9^ 

31.0233 

76.5888 

19 

59.6904 

283.529 

10 

31.4160 

78.5400 

19X 

60.4758 

291.040 

lOX 

31.8087 

80.5158 

19X 

61.2012 

298.648 

lOX 

32.2014 

82.5158 

lOX 

62.0460 

306.355 

lOX 

32.5941 

84.5409 

20 

62.8320 

i 314.16 
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TABLE 27.— Cont^wedi' 


Diameter. 

Circumfer* 

ence. 

Area. 



Area. 

21 

65.97.36 

346.361 

66 

207.34 

3421.19 

22 

69.1152 

380.134 

07 

210.49 

8525,65 

23 

72.2568 

415.477 

68 

, 213.63 

3681.68 

24 

75.3984 

452.39 

,69 

216.77 

3789.28 

25 

78.540 

490.87 

70 

219.91 

3848.45 

26 

81,681 

530.93 

71 

223.05 

3959.19 

27 

84.823 

572.56 

72 . 

226.19 

4071.50 

28 

87.965 

615.75 

73 

229.34 

4185.39 

29 

91.106 

660.52 

74 

232.48 

4.300.84 

30 

94.248 

706.86 

75 

235.62 

4417.86 

81 

97.389 

754.77 

76 

238.76 

4536.46 

32 

100.53 

804.25 

77 

241.90 

4656.63 

33 

103.67 

855.30 

. 78 

245.04 

4778.36 

34 

106.81 

907.92 

79 

248.19 

4901.67 

35 

109.96 

962.11 

80 

251.33 

5026.55 

36 

113.10 

1017.88 

81 

254.47 

5153.00 

37 

116.24 

1075.21 

82 

257.61 

5281.02 

38 

119.38 

1134.11 

83 

260.75 

5410.61 

39 

122.52 

1194.59 

84 

263.89 

6541.77 

40 

125.66 

1256.64 

85 

267.04 

5674.50 

41 

128.81 

1320.25 

86 

270.18 

5808.80 

42 

131.95 

1385.44 

87 

273.32 

5944.68 

43 

135.09 

1452.20 

88 

276.46 

6082.12 

44 

138.23 

1520.53 

89 

279.60 

6221.14 

45 

141.37 

1590.43 

90 

282.74 

6361.73 

46 

144.51 

1661.90 

91 

285.88 

6503.88 

47 

147.65 

1734.94 

92 

289.03 

6647.61 

48 

150.80 

1809.56 

93 

292.17 

6792.91 

49 

153.94 

1885.74 

94 

295.31 

6939.78 

50 

157.08 

1963.50 

95 

298.45 

' 7088.22 

51 

160.22 

2042.82 

96 

301.59 

7238.23 

52 

163.36 

2123.72 

97 

304.73 

7389.81 

53 

166.50 

2206.18 

98 

307.88 

7542.96 

54 

169.65 

2290.22 

99 

311.02 

7697.69 

55 

172.79 

2375.83 

100 

314.16 

7853.98 

56 

175.93 

2463.01 

101 

317.30 

8011.85 

57 

179.07 

2551.76 

102 

320.44 

8171.28 

58 

182.21 

2642.08 

103 

323.58 

8382.29 

59 

185.35 

2733.97 

104 

326.73 

8494.87 

60 

188.50 

2827.43 

105 

329.87 

8659.01 

61 

191.64 

2922.47 

106 

333.01 

8824.73 

62 

194.78 

3019.07 

107 

336.15 

8992.02 

63 

197.92 

3117.25 

108 

339.29 

9160.88 

64 

201.06 

3216.99 

109 

842.43 

9331.82 

65 

204.20 

3318.31 

110 

84^.58 

9508.82 
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MACHINE SHOP WORE 

Measuring Instruments.—A knowledge of measuring instru¬ 
ments is one of the first things needed in machine shop work 
because the foundation of present-day machinery manufacture is 
based upon measuring instruments. All types of calipers, outside, 
inside, hermaphrodite, thread, vernier, micrometer, etc., and all 
types of gages, caliper, collar and plug, limit, internal and external 
threads, etc., are required to make possible the modem production 
system of interchangeable parts. 


Methods of Measuring 

Measuring is an art which must be mastered in order to produce 
good machine work. It can be mastered only by patient and care¬ 
ful practice. Proficiency in measurement will save many a job 
from being spoiled or rejected. 

Calipers.—A steel scale and outside calipers are commonly 
used to measure diameters on lathe work. First, the calipers are 
accurately set to the required measurement as shown in Fig. 1. 
Then they are tried on the work, care being taken that they are 
held in a plane perpendicular to the longitudinal axis of the work. 
When the work is of the desired size the calipers should slide 
snugly across the cylinder without forcing. If a munber of pieces 
of work of the same diameter are to be measured, it is often 
desirable to set the calipers on a standard test cylinder. The 
“ feel ” of the calipers on the test cylinder should be carefully 

608 
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gaged and when the work is measured the same “ feel ” should 
be obtained when the work is of the required size. 
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Micrometer Calipers. —When greater accuracy is required 
than can be obtained by using a caliper and scale, a micrometer 
caliper such as shown in Fig. 5 is used. This is a precision 
instrument which requires the most careful treatment. The 
micrometer screw has 40 threads to the inch. If the sleeve or 
thimble is turned one complete revolution, the spindle will 
advance inch, which is equivalent to 0.025 inch. The sleeve 
has 25 graduations so that if it is turned one graduation or 



Fig. 5.—Micrometer. 


of a revolution the spindle will move ^th of ^th of an 
inch or 0.001 inch. Four complete turns of the sleeve .will 
move the spindle 4 X 0.025 inch or 0.100 inch. The hub or 
barrel of the micrometer has a number at each 0.100 inch 
division and four unnumbered spaces between, each repre¬ 
senting 0.025 inch. 

To read a micrometer, add the readings on the hub and the 
sleeve. 
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Illustration: What is the reading of the micrometer shown 
in Fig. 6? 

Numbered graduations. 0.200 inch 

Unnumbered graduations. 0.050 inch 

Sleeve graduations.. 0.008 inch 

Total. 0.258 inch (Ans.) 


1_• ^ 

□ 

1 

3 / 


r 

ITTTtTTTi 

nr 




Fig. 6. 


Vernier Caliper.—A caliper based on the principle that the 
eye can more readily judge the coincidence of two lines than it can 
visually interpolate between graduations on a scale is known as a 
vernier caliper. A simple form is shown in Fig. 7. A more 
complicated adaptation is used to measure gear teeth and is 
usually known as a gear-tooth micrometer. 



Fig. 7.—^Vernier Caliper. 


A vernier has a fixed scale and a sliding scale so graduated that 
the sum total length of its divisions is exactly equal to the sum of 
the lengths of one fewer divisions on the fixed scale. We will 
illustrate by a specific example. 

On the fixed or (A) scale of Fig. 8 let the major numbered 
divisions represent inches. Then the minor numbered divisions 
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are tenths of inches and the unnumbered divisions are quarters 
of tenths, i^th or 0.025 inch each point. It will be noted that the 
movable scale has twenty-five equal divisions which aggregate a 



length exactly equal to twenty-four divisions on the fixed scale. 
The difference in length between one division on the fixed scale 
and one division on the sliding scale is ^ of or 0.001 inch. 
Then if the sliding scale in Fig. 8 moves slightly to the right so 
that its second line will coincide with (4) it will have moved 0.001 
inch. 

To read a vernier, note the number of divisions and caUbrated 
parts of divisions up to the zero or index of the sliding scale. 


A 



The fraction of the space on which the zero rests may be read 
directly on the sliding scale at the point of coincidence of any two 
lines. 

Illustration: What is the reading of the vernier shown in 


Fig. 9? 

Whole inches. 1.000 

Tenths. 0.100 

Thousandths. 0.025 

Vernier... 0.012 


Total, 


1.137 in. (Ans.) 
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Vernier Bevel Protractor 

A protractor is used for dividing circles into any number of 
equal parts or degrees and determining angles. A bevel protractor, 
which is commonly combined with a vemipr, is a graduated semi¬ 
circular protractor with a pivoted arm for measuring angles. 



Fig. 10 —Universal Bevel Protractors with Vernier and Acute 
Angle Attachment. 

(Courtesy of The L. 8. Starrett Company). 


The disc of a vernier bevel protractor is graduated in degrees 
from 0 to 90® each way. The vernier plate is graduated so that 
12 divisions on the vernier occupy the same space as 23 degrees on 
the disc. The difference between tbe width of one of the 12 spaces 
on the vernier and two of the 23 spaces on the disc is therefore iV 
of a degree. 

Each space on the vernier is tV of a degree, or five minutes 
shorter than two spaces on the disc. If a line on the vernier coin¬ 
cides with a line on the disc and the protractor is rotated untU the 
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next line on the vernier coincides with the next line but one on 
the disc, the vernier has been moved through an arc of of a 
degree, or 5 minutes. 

To read the protractor, note on the disc the number of whole 
degrees between 0 on the disc and 0 on the vernier. Then count 
in the same direction the number of spaces from 0 on the vernier 
to a line that coincides with a line on the disc. Multiply this 
number by 5 and the product will be the number of minutes to be 
added to the number of whole degrees. 



Fig. 11.—How to Read Universal Bevel Protractor with Vernier. 
(C!ourtesy of The L. S. Starrett Conapany) 


Illustration: What is the reading of the vernier bevel pro¬ 
tractor in Fig. 11. 


Whole degrees. 52® 

Minutes, 9X5... 45' 


52® 45' 

The starred 45 line, the 9th from zero, is the one that coincides 
with a line on the disc. 
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Metal Cutting 

Cutting Tools.—Machine work practice has developed a num¬ 
ber of different tools for cutting metal, all of which have, how¬ 
ever, several points of similarity. (See Fig. 12.) They consist in 
general of a shank by which they are held in the cutting machine 



Fig. 12. 


and a cutting edge which engages the metal being cut, and shears 
off the shaving. Figure 13 shows the shape of cutting edge of a 
standard forged lathe tool. The shape to which a tool is groimd 
depends on the machine in which it is to be used, the type of cut 



X ■ Cuffin^Angfe 



Back Rake & Oearoince 
for Medium Steel & Iron 



Side Slope lor Medium 
Steel' and Iron 


Fig. 13.—Standard Lathe Tool. 
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it is to make and the hardness of the metal which is to be cut. 
The tool illustrated in Fig. 13 is a roimd-nose roughing tool. The 
angle marked 8° is called the back rake or front top rake; the angle 
marked 6° is known as the clearance or front rakey and the angle 
marked 14® the side slope or top side rake. Forged lathe tools 
such as we have discussed are used mainly for large work involving 
heavy cutting. For more delicate work the cutting edge is ground 
on a small piece of metal known as a tool hit which is inserted into 
a tool holder (Fig. 14) which replaces the shank of the larger forged 
tool. 



Tool steels or hi^ carbon steels contain from 0.60 percent to 
1.50 percent carbon, the hardness increasing wijkh the amount of 
carbon. 

High speed steels contain several other ingredients such as 
tungsten, chromium, manganese, silicon, molybdenum, vanadium 
and nickel. Tungsten and chromiiun in particular give the steel 
the property of retaining its cutting ability under very high speeds 
or heat. 
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Cutting Speed.—Cutting speed is the velocity with which a. 
cutting tool engages the work and is always given in feet per 
minute (f.p.m.). The term feet per minute has somewhat differ¬ 
ent meanings for different machines. In turning work on a lathe 
it means the number of linear feet, measured on the surface of the 
work, which passes the edge of a cutting tool in one minute. 

On a shaper it means the rate in f.p.m. at which the tool passes 
the work, while on a planer it means the rate in f.p.m. at which 
the work passes the tool. 

On a milling machine it means the surface speed of the cutter, 
i.e., the speed of a point on the rim of the cutter. 

The following formula may be used to calculate cutting speeds 
of lathes and milling machines. 

/y ^ 

“ IT 

where C = cutting speed 

R = revolutions per minute 

D = diameter of work, or diameter of cutter in inches 
TT = 3| or 3.1416 


lUiUSTBATiON: What is the cutting speed if a piece of work 
J inch in diameter is turning at 458 revolutions per minute? 


_ rrDR 
“~ 12 " 

22 X 1 X 458 , 

—— -— = 60 feet per mmute (Ans.) 

7 X 2 X 12 


If a certain cutting speed is wanted, the proper revolutions per 
minute may be found by the following transposition of the pre¬ 
ceding formula: 


R = 


12(7 

ttD 


Illustration: A cutting speed of 80 feet per minute is desirsd 
on a piece of work whose average diameter is 2 inches. What 
speed of the machine will be required? 
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TABLE 1 
Tablb of Spbbds 


Cutting Speeds in Feet per Minute 


Diaxn. In. 

20 

30 

40 1 

50 1 

60 1 

70 

80 

90 

100 

Revolutions per Minute 


306 

458 

611 

764 

916 

1070 


1376 

1528 


Hill 

306 


mMm 

612 

712 

■Res 

916 

1019 


153 

220 


382 

458 

534 


688 

764 

ys 

122 

183 

244 

306 

366 

428 

488 

550 

611 

H 

102 

153 

204 

255 

306 

356 

408 

458 


Va 

87 

131 

175 

218 

262 

306 

350 

392 

437 

1 

76 

115 

153 

191 

230 

268 

306 

344 

382 

IH 

68 

102 

136 

170 

204 

238 

272 

306 

340 

IM 

61 

92 

122 

153 

184 

214 

244 

274 


IVa 

56 

83 

111 

139 

167 

194 

222 

250 

278 

IH 

51 

76 

102 

127 

152 

178 

204 

228 

255 

m 

47 

71 

94 

118 

141 

165 

188 

212 

235 

IM 

44 

65 

87 

109 

130 

152 

174 

196 

218 

VA 

41 

61 

82 

102 

122 

143 

163 

183 

204 

2 

38 

57 

76 

95 

114 

134 

152 

172 

191 

2H 

36 

54 

72 

90 

108 

126 

144 

162 

180 

2H 

34 

51 

68 

85 

102 

119 

136 

153 

170 

Wa 

32 

48 

64 

80 

97 

112 

129 

145 

161 

2H 

31 

46 

61 

76 

92 

106 

122 

134 

153 

2H 

29 

44 

58 

73 

88 

102 

117 

130 

146 

2H 

28 

42 

56 

70 

83 

97 

111 

125 


2ya 

27 

40 

53 

67 

80 

93 

106 

119 

Bil 

3 

25 


51 

64 

76 

90 

102 

114 



Cutting Speeds in Feet per Minute 


Diam. In. 

no 

120 

130 

no 

150 1 


MSEMi 

ISO 1 

Uevolutions per Minute 

H 

Va 

1681 

1833 

1986 

2139 

2292 

2462 

2615 

2780 


1120 

1222 

1324 

1426 

1528 

1632 

1735 

1836 


H 

840 

917 

993 

mmEM 

1146 

1221 

1298 

1374 


ya 

672 

733 

794 

856 

917 

976 

1036 

1098 


H 

560 

611 

662 

713 

764 

816 

867 

918 


Va 

480 

524 

568 

611 

655 

699 

742 

786 


1 

420 

458 

497 

535 

573 

611 

649 

687 


iVa 

373 

407 

441 

475 

509 

542 

576 

610 



336 

367 

397 

428 

458 

489 

520 

551 


VA 

306 

333 

361 

389 

417 

444 

472 

500 


m 

280 

306 

331 

357 

382 

407 

KSEl 

458 


VA 

259 

282 

306 

329 

353 

377 

400 

423 


VA 

240 

262 

284 

306 

327 

349 

371 

393 


VA 

224 

244 

265 

285 

306 

326 

346 

366 


2 

210 

229 

248 

267 

287 

306 

324 

344 


2H 

198 

216 

234 

252 

270 

288 

306 

323 



187 

204 

221 

238 

255 

272 

289 

306 


fi 

177 

193 

210 

225 

241 

257 

273 

290 


168 

183 

199 

214 

229 

244 

260 

275 


2ya 

160 

175 

189 

204 

218 

233 

248 

262 


2% 

153 

167 

181 

194 

208 

222 

236 

250 


2ya 

146 

159 

173 

186 

199 

213 

226 

239 


3 

140 

153 

166 

178 

191 

204 

216 

229 
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B 


12C 

vD 


12 X 80 X 7 ^ 1680 
2 X 22 ~ 11 


153 r.p.m. (Ana.)- 


IiiLTTSTBATiON: Find the cutting speed of a side facing milling 
cutter 6 inches in diameter running at 30 revolutions per minute. 


C 


vRD 

22 X 30 X 6 
7 X 12 


47 feet per minute (Ans.) 


Cutting speeds may conveniently be found directly by refer¬ 
ence to Table 1. 

Proper Cutting Speed.—It can readily be seen that if the cut¬ 
ting speed in machine work is too slow, the parts produced per 
day will be fewer and the costs will mount. In competitive manu¬ 
facturing it is, then, necessary to run the cutting operations at 
the maximum safe cutting speed. What this speed is cannot be 
definitely stated. In general the maximum safe cutting speed 
may be defined, as a speed, slightly lower than that at which the 
tool or the work may be injured by excessive heat and the cutting 
edge dulled too rapidly. 


Cutting speeds depend on the following conditions; 

1. Kind of steel used, whether tool steel or high-speed steel. 

2. Shape of tool, whether narrow or broadnosed. 

3. Lip angle of tool or inclined angle of nose. 

4. Position of tool in the tool post. 

5. Sharpness of tool. 

6. Depth of cut and amount of feed. 

7. Material to be cut, whether soft, medium or hard, or 

whether brass, cast iron, or steel. 

8. Cooling medium, whether used or not, the amount of cod< 

ing and lubricating effect produced. 

9. Heat treatment of steel. 
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10. Elasticily of work or tool, which causes chattering. 

11. Rigidity with which work is held. 

12. Condition of machine to be used. 

The proper cutting speed of a lathe with modem high speed 
tools, can be found by using the following empirical formula: 

HXS 

^ “ i-^D+Y) - Z) 

when V = cutting speed in feet per minute 

D ^ depth of cut, taking ^ inch as a unit 
F — feed, taking ^ inch per revolution as a unit 
H = constant for hardness of material to be cut: 

Hard cast iron or steel, 0.6 
Medium cast iron or steel, 1.0 
Soft cast iron or steel, 2.0 

S <= constant for size of tool: 

232 for f in. sq. tool on cast iron 
215 for I in. sq. tool on cast iron 
325 for ^ in. sq. tool on steel 

288 for I in. sq. tool on steel 

• 

Y = constant: 

3 for f in. sq. tool on cast iron 
8 for f in. sq. tool on cast iron 
—2 for I in. sq. tool on steel 
0 for \ in. sq. tool on steel 

Z = constant: 

0 for f in. sq. tool on cast iron 
0.3 for ^ in. sq. tool on cast iron 
0.3 for f in. sq. tool on steel 
0.5 for ^ in. sq. tool on steel 

With carbon tool steel, the cutting speed is one-half of the 
above amount. 
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TABLE 2 

Chabt Showing Appboximatb CumNG Spbbds in Febt pbb Mxnhtb fob 
Vabious Machinbb and Materials 


Material 

Machine 

High Speed 
St^ Tools 

Tool 

Steel Tools 

Speed in Feet 
per Minute 

Speed in Feet 
per Minute 

Tool steel. 

Drill press 

60-60 

20-30 


Lathe 

50-70 

25-36 


Miller 

60-60 

20-30 


Shaper 

Gear cutter 

40-60 

20-26 


Planer 

40-60 

20-60 


Screw machine 

60-70 

25-35 

Cast iron. 

Drill press 

100-170 

1 40*30 


Lathe 

75-175 

40-80 


MiUer 

100-150 

60-80 


Shaper 

80-100 

50-60 


Gear cutter 

60-80 

30-60 


Planer 

70-90* 

40-60 


Screw machine 

100-150 

50-70 

Machine steel. 

Drill press 

100-120 

50-60 


Lathe 

100-150 

50-70 


Miller 

100-125 

50-70 


Shaper 

60-80 

50-60 


Gear cutter 

60-80 

30-40 


Planer 

50-70 

40-50 


Screw machine 

100-150 

50-70 

Brass, bronze. 

Drill press 

200-300 

100-150 


Lathe 

150-300 

70-150 


MUler 

150-250 

80-125 


Shaper 

100-120 

60-80 


Gear cutter 

100-125 

50-60 


Planer 

90-100 

60-70 


Screw machine 

200-300 

100-150 

Aluminum. 

Drill press 

200-300 

100-150 


Lathe 

200-300 

100-150 


Miller 

200-350 

100-175 


Shaper 

125-200 

80-125 


Gear cutter 

150-200 

70-100 


Planer 

150-200 

75-100 


Screw machine 

200-300 

100-150 


The above speeds should be increased or decreased according to the nature 
of the work, tool, lubricant, machine, etc. 
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IiiLTTSTRATiON: What is the proper cutting speed of a ^ in. 
square high speed tool in a lathe when the depth of cut is ^ inch 
and the feed per revolution is ^ inch upon a piece of medium steel? 

F = 1.0 D = 2 F = 1 

5 = 288 r = 0 Z = 0.5 

HXS ^ 1 X 288 

(^D + Y) - Z) ~ {</2 + 0) (-^1 - 0.6) 

288 _ 288 

(^) (ri^) ~ 1.26 X 0.71 

288 

—= 322 ft. per minute (Ans.) 

0.895 ^ 


F = 


Table 2 shows approximate cutting speed for various machines 
and materials. 

Estimating Time of Making Cut.—To find the time in minutes 
required to take one complete cut over a part to be turned, the 
following formula may be used. 


when T = time in minutes 

L = total length of cut in inches 
R = revolutions per minute 
F = feed per revolution of the machine 

Feed may be expressed in terms of the distance which the cut¬ 
ting tool advances along the work for each revolution or stroke of 
the machine; for example, a feed of 0.020 inch. 

This is the form to be used in the above formula. Feed may 
also be expressed in terms of number of revolutions per inch of 
side motion of the cutting tool; for instance, a feed of 100 means 
that the cutting tool moves one inch for each 100 revolutions of 
the machine or the motion per revolution is 0.010 inch. 
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Illustration: What will be the time required to make a cut 
8 inches long if the speed of the machine is 60 r.p.m. and the feed 
is 0.008 inch? 


T = 


L 

RXF 

8 

60 X 0.008 


17 minutes (Ans.) 


Power Required for Cutting.—The power required to renvo\e a 
given amount of metal depends on the shape and sharpness of the 
cutting tool, hardness of the work, depth and feed of cut, lubrica¬ 
tion of cutting point, and also upon the kind and condition of 
machine. 

The average horsepower required to drive the machine can be 
determined by the product of the amount of chips (W) multiplied 
by two constants (F, Z). The quantity (F) varies with the kind 
of material to be cut and (Z) with the kind of machine to be used. 


Horsepower required == YZW 

When W = weight of metal removed in pounds per hour. 

F = constant, 1.0 for cast iron 
1.3 for mild steel 
2.0 for tool steel 
0.7 for bronze 

Z = constant, 0.035 for lathe 
0,030 for shaper 
0.026 for miller 
0.030 for drill 

Illustration: What power will be required to run a lathe at 
80 r.p.m. to turn a piece of cast iron 6 inches in diameter with a 
^ inch feed and ^ inch depth of cut? 

The first problem will be to find the amount of metal removed 
per hour. This is represented by a ribbon ^ inch wide, ^ inch 
tJiick and a length represented by the cutting speed in inches pei 
hour. 
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Cutting speed = tt X D X r.p.m. X 60 « tt X 6 X 80 X 60 
» 28,800?r inches per hour. This represents the length of the 
ribbon* The volume of the ribbon is then, 

28,8007r X A X A = X 28,8007r *= 84.377r cubic inches. 

The weight of one cubic foot of cast iron is 450 pounds. The 
weight of one cubic inch is = 0.26 pound. 

Weight (W) removed per hour is 84.37 X 0.26 X tt = 68.91 
pounds per hour. F = 1.0. Z = 0.035. 

Then, 

horsepower = YZW = 1 X 0.035 X 68.91 = 2.41 hp. (Ans.) 

TABLE 3 

Approximate Horsepower Electric Motor Required to Drive Various 
Types of Machines 


Drill Presses Shapers 


Sensitive drill up to H in. 

Hto 

H hp 

10 in. to 14 in. stroke.... 

1 

to 

2 

hp 

12 in. to 20 in. 



1 

hp 

16 in. to 18 in. stroke. . .. 

2 

to 

3 

hp 

24 in. to 28 in. 



2 

hp 

20 in. to 24 in. stroke. . .. 

3 

to 

5 

hp 

30 in. to 32 in. 



3 

hp 

30 in. stroke. 

6 

to 

7M hp 

Lathes 





Planers 





6 in. to 10 in. 



1 

hp 

22 in. 



3 

hp 

12 in. to 14 in... 

1 

to 

2 

hp 

24 in. to 27 in. 

3 

to 

5 

hp 

16 in. to 20 in. 

2 

to 

3 

hp 

30 in. 

5 

to 

7H hp 

22 in. to 27 in. 

3 

to 

5 

hp 

36 in. 

10 

to 15 

hp 

30 in. to 36 in...... 

7H to 10 

hp 

42 in. 

15 

to 20 

hp 

Universal Milling Machines 



Gear Cutters 




No. 1. 

1 

to 

2 

hp 

36 in. X 9 in. 

2 

to 

3 

hp 

“ . 

2 

to 

3 

hp 

48 in. X lain.... 

3 

to 

5 

hp 

“ 2. 

3 

to 

6 

hp 

60 in. X 12 in. 

6 

to 

7H hp 

“ 3. 

6 

to 

7M hp 

72 in. X 14 in. 

to 10 

hp 

“ 4. 

7H to 10 

hp 







Grinders 


8 in. to 10 in. wheel. 6 hp 

12 in. to 14 in. wheel. hp 

16 in. to 20 in. wheel. lO hp 
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Taper Calculations 

A piece of work is said to taper when there is a gradual and 
uniform increase or decrease in its diameter or thickness. • Exam* 
pies are, a wedge which has two plane si\rfaces separating at a 
uniform rate from the edge to the base, and a cone or lathe center 
(Fig. 15) whose diameter increases at a uniform rate from the apex 
to the base. 



Fig. 16. —Wedge and Lathe Center. 


Wedge-shaped pieces are used in machine design for keys to 
attach wheels to shafts and as tapered gibs for adjusting sliding 
bearings. 

Conical tapers, in addition to their use on lathe centers, find a 
wide use on shanks of twist drills, reamers, etc. (Fig. 10.) 



Fig. 16. 


Amount of Taper.—The amoimt of taper is expressed as a 
certain number of inches or parts of an inch per foot and indicates 
a variation in diameter or thickness of that amount in twelve 
inches of length. For example, if a truncated cone twelve inches 
long is 4 inches in diameter at the small end and 5 inches in diam- 

5 — 4 

eter at the large end, the taper is —-— == 1 inch. If another 

cone has end diameters of 4 inches and 5 inches, respectively, but 

5 — 4 

is only six inches long, the taper is —r— = 2 inches. Tapers are 

2 

also expressed in terms of degrees of the angle which one side 
makes with the center line axis of the work. 
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Standard Tapers. —Lathe centers, drilling machine spindles, 
tapered-shank miUing cutters, and many other machine shop tools 
have tapers. In order to provide a degree of interchangeability 
of parts, machine and tool manufacturers have standardized on a 
few tapers which we will define. 

TABLE 4 

MORSE TAPERS 



DCTAIL DIMENSIONS 


1 NUMBER OF TAPER 

1°: 

X 


mm 

Kl 

Ol 

mm 

B 

1 OMH. or PLUQ AT SMALL CNO 

D 


5SJ 

EZl 

E83 

223 

0123 

223 

2233 

1 OMM. ST END OP SOCKET 

A 

.asci 

BS3 

B2SI 

fSU 

fPTI 

GB33 

2523 

053 

i 

WHOLE LENCTH OF SHAMK 

B 



EOI 

EM 

EFI 

El 

EH 

BH 

SHANK DEPTH 

m 


m 

oa 

Da 

EH 

Ji 

•i 


nCZZZllSSHH 

□ 

zk 


m 

EB 

EH 

D1 

Bl 

10 j 

1 STANOARO PLUS DEPTH 

a 

2 

BM 


ESI 

EH 

EFl 

EH 

B 


TWCKNESS or TONCUE 

t 

A 

ra 

O 

» 

■a 

m 

n 

■a 

LENGTH OF TONGUE 

T 

i 

Kl 

SI 

Rl 

n 

■1 

Bl 

IH 

CNAMCTER OF TONGUE 

d 

.235 

qeI 

m 

■a 

Kl 

Kl 

51 

M 

1 

1 1 ■ 1 ■— 

W 

urn 

ESI 

123 

521 

223 

QQ 


0021 


B 

K1 

Rl 

n 

iri 

in 

■u 

IH 

Bl 

1 ENO OF SOCKET TO KETIMW 

a 

m 

ea 


E13 

El 

ca 

tm 

EH 

TAPER PER FOOT 


gjm 

E3SI 

ESI 

BEI 

ESI 

BS3 

ESI 

TAPER PER INCH 


Bi 

frm 

5223 

52E0 


50ID 

5223 

imemstsmsammHm 

a 

n 

a 

D 

mm 

B 

B 

B 


SOUTH SEND UVTHC WORKS 


Fig. 17.—Morse Tapers. 

The Morse standard has a taper of approximately f inch pel 
foot. This taper is further defined as No. 1, No. 2, etc., depending 
on the diameter at the small end. Figure 17 and Table 4 give the 
chief characteristics of this taper. 
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Brown & Sharpe is another standard, with a taper of ^ inch per 
foot. This is also specified by numbers as follows: 

No. of taper., .. 4 5 7 9 

Diameter at small end.. 0.35 in. 0.45 in. 0.60 in. 0.90 in. 

« 

Three other tapers are: Jarno, 0.6 inch per foot; Sellers and 
Pipe taper, f inch per foot; and Pratt & Whitney pins, | inch per 
foot. 


Formulas for Calculating Tapers 


T.P.I. = 

T.P.L. = 


T.P.F. 

12 

I X T.P.F. 


D = d + 


12 

(I X T.P.F.) 
12 


T.P.F. = 


I = 


12{D - d) 
I 

12(D - (T) 


d^D- 


T.P.F. 

(i X T.P.F.) 


12 


when T.P.I. = taper per inch 
T.P.F. = taper per foot 
T.P.L. = taper in any length 


D = larger diameter 
d = smaller diameter 
I = length of taper 


Illustration: In a taper bushing, D = 2 inches, d — 
inches, and 1 = 3 inches. Find the taper per foot. 


T.P.F. = 


12(D - d) 

I 

12(2 - 1|) 

3 

12 X 1 


2X3 


= 2 


Therefore, the taper per foot is 2 inches. 
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IllustralTion: If the taper of the shank of an end mill 
is 0.625 inch per foot and D = f inch and d = J inch, find 
the length of the taper. 

12(D - d) 

~ T.P.F. 


12(f - I) 
T.P.F. 


12 X 1 
4 X .625 


= 4.8. 


Therefore, the length of the taper is 4.8 inches. 


Taper Turning in Lathe.—There are three ways of turning 
tapers on a lathe, (1) by offsetting the tailstock, (2) by using a 
taper attachment, and (3) by using the compound rest. 

Offsetting the Tailstock.—The tailstock or dead center is 
moved out of alignment with the line center by means of screws 
on the base of the tailstock. 



Screw 


EE 



1 


Screw 


Fig. 18 . 
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Fonnulas for Calculating the Amount of Offset 

(a) When the taper runs the entire length of the bar. 


where O — offset 

Illustration: Find the offset if a bar is to be turned taper to 
diameters of 1^ inches and | inch respectively. 


0 = 


D-d 

2 




2 

8 


2 

5 

8X2 


= -A 


Therefore the offset is ^ inches 

(6) When the taper runs only part of the length of a bar. 

(£> - d)L 
21 

where L is the total length of the bar in inches or the total distance 
between the centers of the lathe. 


Illustration: Find the offset if a taper 3 inches long with 
diameter of 2 inches and 1| inches respectively is to be turned on 
a bar 12 inches long. 

(P - d)L 
21 

^ (2 - 11)12 

2X3 

_ 1 X 12 ^ ^ 

“ 2 X 2 X 3 ~ 

Therefore the tailstock offset is 1 inch. 
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(c) When a bar is tapered to a given taper per foot. 

T.P.F. X L 
24 

Illustration: Find the offset if a T.P.F. of i inch is to be 
turned on a bar 6 inches long. 

_ T.P.F. X L 
24 

= ^ 

2 X 24 ^ 

Therefore, the tailstock offset is | inch. 

Note: The above formulas are only exact between the ends of 
the centers. As Fig. 18 shows, the centers penetrate a short 
distance into the stock, thus the formulas give only a close 
approximation. 

(d) By using a taper attachment. This device permits the 
tool to feed transversely at the same time that it feeds 
longitudinally, thus turning a taper. The guide bar is 
swiveled on a central pin an amount proportional to the 
taper, without considering the length of the stock to be 
turned. There are graduations at either end of the plate 
upon which the guide swivels indicate the amount of taper. 
Thus, in setting a taper attachment, only the taper per foot 
must be obtained. 

(e) By using the compound rest. This part of a lathe permits 
the cutting tool to be set at any desired angle, thus making possi¬ 
ble the turning of very steep tapers. The slide of the compound 
rest is set at the complementary angle to the angle which the taper 
makes with the center line of the lathe. 
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Taper Angle. —A steep taper is usudly referred to as an angle. 
Angles up to 10° are commonly designated as tapers, while a 
larger angle is stated either as the included angle or as the an^e 
with the center line. 



In the above sketch ABC is the included angle and the angle h is the 
angle with the center line. 

The following formulas may be used to calculaiie 6, the angle 
with the center line. 


when the T.P.F. is known 


tan h — 


T.P.F. 

24 


when the diameters and length of the taper are known 


tan 6 = 


D-d 

21 


Illustkation: If the taper per foot is f inch, find the angle 
with the center line and the included angle. 

, T.P.F. 
tan6 = — 

= 1 

24 

= ^ = 0.02083 
48 

From the table of tangents, 0.02083 = 1° 11' 35". 

Therefore, b, the angle with the center line is 1° 11' 35" and 
the included angle is 2 X 6 or 2° 23' 10". 
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Iu.us'EBATIOn: If D •= li inch, d «= i inch, and 1 = li inch, 
find the angle with the center line and the included angle. 



Fig. 20 


tan 6 = 


5X1X4 

8X2X5 


D-d 

21 

2 X U 

7 = 0.25000 
4 


From the table of tangents 0.2500 = 14® 2'. 

Therefore, b the angle with the center line is 14® 2' and the 
included angle is 2 X 6 or 28® 4'. 

The table on page 533 shows tapers per foot and corre¬ 
sponding angles. 

Measuring Tapers with a Sine Bar.—An instrument known 
as a sine bar is often used to measure the angle of a taper. 



P, scraped surface plate; P, P, plugs; S, hardened-steel sine bar; 

Tf taper plug gage; Z7, straight edge; F, vernier height gage 

The taper to be measured is placed on the straight edge ?7, 
which is parallel to the surface plate P, and the sine bar S, which 
has two plugs Rj R set 10^^ apart, is clamped along the taper. 
Then r, the difference in height in inches between the plugs, is 
found by means of the height gage V, Letting A be the included 
angle, we have the following formulas: 
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T 

sin A = — r = 10 sin A 

For example, in the above figure r = 0.525", and we have 
r 0.525 

sin = 0.0525; whence 4=3® 1'. 

10 10 * 

Therefore the included angle of the taper plug gage is 3® 1'. 

TABLE 5 


Tapers and Angles 


Taper 

per 

Foot 

Included 

With Center Line 

Taper 

Taper per 
Inch from 
Center 
Line 


HQII 

Sec. 

r>eg. 

Min. 

Sec. 

H 


35 

48 

0 

17 

54 

0.010416 

0.006203 

He 


53 

44 

0 

26 

52 

.015625 

.007812 

H 


11 

36 

0 

35 

48 

.020833 

.010416 

He 

1 

29 

30 

0 

44 

45 

.026042 

.013021 

H 

1 

47 

24 

0 

53 

42 

.031250 

.015625 

He 

2 

5 

18 

1 

2 

39 

.036458 

.018229 

H 

2 

23 

10 

1 

11 

35 

.041667 

.020833 

He 

2 

41 

4 

1 

20 

32 

.046875 

.023438 

H 

2 

59 

42 

1 

29 

51 

.052084 

.026042 

^He 

3 

16 

54 

1 

38 

27 

.057292 

.028646 

H 

3 

34 

44 

1 

47 

22 

.062500 

.031250 

^He 

3 

52 

38 

1 

56 

19 

.067708 

.033854 

H 

4 

10 

32 

2 

5 

16 

.072917 

.036456 

‘Me 

4 

28 

24 

2 

14 

12 

.078125 

.039063 

1 

4 

46 

18 

2 

23 

9 

.083330 

.041667 

IH 

5 

57 

48 

2 

58 

54 

. 104666 

.052084 

IH 

7 

9 

10 

3 

34 

35 

.125000 

.062500 

IH 

8 

20 

26 

4 

10 

13 

.145833 

.072917 

2 

9 

31 

36 

4 

45 

1 48 

.666666 

.083332 

2H 

11 

53 

36 

5 

56 

48 

' .208333 

.104166 

3 

14 

15 

0 

7 

7 

30 

.250000 

1 .125000 

3H 

16 

35 

40 

8 

17 


.291666 

.145833 

4 

18 

55 

28 

9 

27 

44 

.333333 

.166666 

4M 

21 

14 

2 

10 

37 

1 

.375000 

.187500 

5 

23 

32 

12 

11 

46 

6 

.416666 

.208333 

6 

28 

4 

2 

14 

2 

1 

.500000 

.250000 









Table 6.—Sine Bab Table 

Table 6 is calculated for degrees and minutes with sines based on a radius of 10. In the preceding problem, instead of looking up the sine of A and multi'’ 

plying by 10, the table gives the result without computation. 


Constant, 
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'ttw w o Okoo t’*'© N M o ovooo lo N M o 00 
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Table 6.—Sine Bar Table—C on^mweci 


Constant, 
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ddddddddWdddddd«NNfO^OiO<^f^‘^«^' 0<OtOfOfOtO 

dddctdddctdCtdMdddMMddC^dMddddNddMM 

Constant, 

12 Deg. 

MOoOtHtOtOCtOP t^O •tf d M OtOO Ot«fOMOoOt^torrMOO» 1^0 -O' 

p d 0 too p\ HI rr tH 0 too 00 'tj' tH 0 too op hi ^ 0 to too© hi ^ 

r»00 0000 povpvpo 0 0 HI M M HI d dd fOtOfOtO^'«Ttt»0«OtO looo 

OOOOOOOOHIMHIMHIMHIMHIMMHII-SWMHIMMHIH.MHIM 

e«dde«C 4 C«ddC^c^ddc«c«ddc«dMMc«e<«Mdde«de«MMd 

Constant, 

II Deg. 

M O»00 r«-lO d HI pooo tOfON HI PoOO tOION 0 ptnO •ittOHi OoO t^ 

00 0 too 0 \ « tooo 0 too O' tooo 0 too O' 'S »ooo 0 too P Ct tooo 0 to 

0 HI M i-i M d d d totototo'tTTf^iotoio too p p tH t^oo 00 00 P 0 > 

O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' 0^ O' 


to ro w w pop tH W> ^ "O HI 0 00 fc^o to M 0 P t^O 10 to N HI poo 0 to TT 

0 P to 0 too P « tooo 0 too P N tooo 0 top O' d tooo 0 too O' 

toto'tt^'^tototo too 0 0 r- tH t-*oo ooooppppoooHt-ii-iwd 

t^oo 00 00 ec 00 00 00 oo 

a(S 

to d HI 0 00 1^0 to to cn HI poo »hO "O' 0 d 0 poo 0 to ^ to HI 0 p r^o to 
''T 0 to tooo HI ^ 0 to tooo HI •Ij' tH 0 too 00 HI 0 too P HI if 0 

0 0 fH rnoo qOooO'PPPOOOhivh i^ i-idd d totototo^Tj-Tj-to 

to to to to to to to to to to to to too 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

.i 

1 ^ 

0 M et fo ^ too tHOO P 0 M d to ^ too »Hoo p 0 HI d to tt too rnoo p O 
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oS'S-SS 


foeo*o«o«o««ot<}roro«opoco«o «o Vo ro«o«o*oto«o«o*o«o«o<o«o«o«o 


o^r^toroiH ^r»v»e« o 
— ——I i-i 0» M tooo 


^ O. «joooS'S^aa 5K?SiS5J?i?S.£«.'82^5 g‘5 

f xt*m lo ■/> lo^ 'O c^oo oo ooOkOv^O^OOOO»*4 Mi-tct ct 

«OQOOOOO«OOOOOOOOOOOOOOOOOOOOOOOOOOeoOeOOO O^O^Ol^OOkOiOiOw 

cie«c« e«c«c«c«c«eic«c«e«c«c«efc«c«c«e«e«c%ec<<c«c«c«c«e«c««« 


toao O r 0>0 0 \ ^ O CO'O oO m ^ O e« U^oo ^ « «000 O rOO 

t»- t^OO OOoOOO OvO^^OO oo •-• *-• ►H O e>« <»• CtfOcOfOCO^'^TrtOtOlA 
sO vO >o >0 vo >0 'O 

cic<«e«Mc«c«e«c«CiCic<c«c<c«e«e«e«e«e«e«c<ie«c«c<eie«cte«c^e« 


^ « w Ok to <o •-• O oo'O ^ M O oo %0 «o ' . _ 

O « 101—0 «0'0 Ok C« O rO'OOO *-• O M *000 *■* ^-O Ok M loco 
OO »-* 01 ei Cl cifOcocO'^^^'O'toio loO OkOkO t—r—r^i—oooooo 

tototoioiototototototoiototoaotoiotototoiotototototoiototoio 

oiciciMCoeieicieicicieicicicteiciMCicieicicieieiciciMcici 


eo i-i Okoo kO ^ Cl •-< Ok r-O it-ciO Okt—tOfOeiOco-OtOfO' 

O Cl «000 »-• rj- 1 - Ok Cl «000 -t '^kO Ok Cl toco ^ co^ Ok Cl « 
co^^^^totoio tOkO kO kO r— t— t— c—oo ooooOkOkOkOO<_ _ 
cocorococococococococQfOCOroco<Ocoto*OPOcocOfO‘»«*‘^‘^'krT*-'k^-kkr 

cocicicicicietCtcictcicicieicicicicicicicicieicicicicicicici 


^ ro t-4 OkOO kO toro*^ 0<»*0 toroci OoO t—toe^ci Oeo c—«o 
►1 TT *— O Cl lOOO •-< 1 — O Cl lOOO »-» ^kO Ok Cl lOoO *-• cOkO Ok 
aOOOQOOOOkOkOkOOOO*-«'-i •^eiCiciClcoc»>cO''^'''T^^ 


Icicicfcictcieicicici 


iClClClClMClCIClMClClClClClClkCl 


1 


dk ci CO *— O cOkO Ok Cl »o t- O cOkO Ok Cl to O cOkO Ok Cl kk^- r- O cOkO Ok 
~0 oo «-i Cl cicipocococo'^'ki'''*'ioioio tOkO kO kO r— 1 — c- t— 

OOOOOOOOOOOOOOOOOOOOOO OOOOOO 

•-•iHcicicicicicicicicicicicictcicicicicicicicicicicicicicici 


Cl ►! OkCO »- to kli- Cl I-I OkOO *-to^ci It Ooot-t 
tooo O COkO OkCl^tOOD^O ---- " 


__ - >^Cll-lOOO*—to^cilt 

__ ^ COkO Ok ci tooo O COkO Ok Cl tooo COkO Ok C 1 tooo *-• ^kO Ok Cl ^oo 

Cl Cl rocococo^kk^'-^toioto tOkO kO kO c— c— r- l—oO OOOO OkOkOkOkO O O 
■ooooooooooocoooooooooooooooooooooooooooaoooooeoQOQOoo OkOkOk 


rOkO OkCi*---- , 

•otoiOkOkOkO t—*—e- r-oo oo c— 


► to ^ Cl It o oo r-kO ^ CO Cl O OkOO kO to 

—--1 Ok Cl to C- O coo 

■ Cl Cl Cl CO CO CO 


o COkO Ok Cl lO C— O coo Ok < 

OkOkOkOkOOOit*titi-*< 

kOOkOO 1 — 1 — 1 —c-*— 


•0 CO 535 


CO fo CO CO 


OkO »t Cl CO ^^kO O O *t Cl co^too r-oo oo 

CO ^^^H-^'tf^kO'^^ioiototoiotototototoo 
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Table 6.—Sine Bar TABhR—Comnned 
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3 -^ g« i?f sa sea 





O <*• WDoo O ro>0 oo O^ M ^ O e« >/>oo O fO»0 oo •-* ^>0 0» "t ^ 

Q^OvOkO^O O O Q »-* 5 * « ^ « ej c« C 0 ^eOr 0 '^*'T^^«^vstO ^->0 'O 'O 

<SCKCK<>ooooooooooooooooooo©oooodo 


«o « OvO ^ooo^od c^O e< _ ___ - 

o» M o «ooo •-• roo ©•-» PC »ooo •-• pco o* ^ r» 

« fOPCPC'^’^'^'«l’*OiOM^ *0>0 O %0 -o t-^ t^oo OOOOoO ©©O^OsO OO 
«oooooooaoaoooooooooooaoooooaoooooooooooaooooooooOQooo OOO 


DOoOOOOOOOaOOOoOOOOOOOQOOOOOaOOOOOOOOOOOaOOOOOOOOTQOOO OOO 
rCrOPO<^«OPCPCPOPC<r>PCPCPCPCPOPOPOPOP<>PCPCPC .'C«Cr 0 P 0 e 0 PCP 0*0 


^ *-» oo ^ 

o PC »000 •-• PC >0 o o « 

8 r- r«oo oooooo OOOO O 

>0 O >0 'O >0 <0 >0 >0 vO >0 >o 


« lOOO »-• PC >0 O'-* 'C'O « »CoO O PCS? 

000 '-'i-i»-'»-*«c^WC«pcpCpC^^^ 


rCPCtOPCPCrCfOeCCC<^PC«^«C<OPCeceCfCtCPC<OtCPCPCPCPCeO«C>POPC 


oo to « o O'© PC O to « O'© ^»-<ootocsor^*4*'-«ootoe«0 

O PC tooO PH pc>© o cs r- O r« looo i-i pc>© O ^ O c* iooo •-• pc 

O O *-• •-• •-* « <s ct c« poPCPCtrTf^'^t’tototo tosD »© o *— r»oo oo 

•otototototototototototototototoiov>toiototototoiotototov>to 

PCrCPCPCPCPCPCPCPOPCPCPCPCPCPCPOPCPCrCPCPCPCPCPCPCPCrOPCPOPO 


oO'©fCOoo»OPCO t^toot o O'© ^ I-' O'© PC»^oo*OPC© t»toe« 

O PC'© O »-* ^ O «s tooo ►-• PC'© o *-* tt o ct looo t* PC'© O or ^ O 
^ ^ to to to>© '© >© 'O r- c^oo qoqo ooooO OOO *-i »-• i-i <s 

rCrCPCPCPCPCPCPCPCPCPCPCPCPCrCPCPCPCPCPCPCPC''^'^'«l''^'^^’^' 0 * 

rCPCPCPC*CPCPC.»CPCPCrCPCPOPCPCfCPCPCPCPCrOPC»CPCPCPOPCPCPCPC 


oo*© fC»-««'0 PC*-* O'© ^*-• O'© ^*-* Ot'->'»«‘P0 0»—^55 Oti^^co o*>» 

^«o *-• o « to ^15 PC'© « »-• r- o «s tooo o PC'© O *i ^ O e* to 

*-00 oOOOOO OOOO OOO •-' »-i •-* »-« <s PS Ot PCPCPCPC'0*'^'^tOtoto 

»-t*- 4 i^i-ii-i»-i»-it-*p-ir«oic«c<«<sc«r«v<«Me«c«Mc«p«c«e«rfe«e«c«f<« 

rCPCPCPCPCPCPCPCPOPCPCPCPCPCrCPCPC*CPCPOrOrCPOPCPCPCrOPCPCPC 


«-• PS PC '*#• PC'© r^oo o O PS ^ »-* PS rc ^to'O t-oo O O 

rCPOPCPCPCPCPCPCPC "^sr sTst^st-^^if S**^u»totot0t0t0tot0t0«0'0 


[• s|* s*-^ to to to to to to to to to tO'O 
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Table 6.—Sine Bar Table— CorUinued] 


Constant, 

35 Deg. 

HSSim 

!>• t** tNi »>*eo »>• r* t-r* r* t-eo 00 

W> W> V» 10 V> W> 1/» V3 V> U) lA V» U» U> W> U> V> W> 1A U> U> V> U> W» W> ll> U> V) U» lA U> 

Constant, 
34 Deg. 

S &o ? M M S t?fOfo5Sfo§’3*??^R5w>S5>2* 

v>iA lA «A'0O>0'0>0'0>0k0>0O^t0OOk0OO^^'0>0^OO>0>0>0 
lA <A lA lA «A ^ tA 1A lA tA lA >A lA lA lA tA «A «A lA 1A tA lA W^«A lA 1A lA v> U> lA «A 

Constant, 
33 Deg. 

^00 ee !*•»-« O O »A Ok <AqO kO Ok ^OO « M »A Ok ^qo « ^ Ok 

>0 OQ M fOkO OO « fA Vico O fA »AoO O N »Ar»0 ««»Ar*Qk«y^Qk«« Ok 

lA >A «A »AkO kO kO kQ r- *^o0 ^op qpOkOkOkOOkOOOO»-»Mi.^i-i 

kT *♦ TT-kO-^^ ^^^ ^ ^ ^ ^ ^ ktr ^ lA lA lA »A lA »A »A lA 

IAtAlA«AIAtAtAlAtAIAlAtA1AIA3A>AlAtAlAtA1AIAlAlAlA1AV>lAtAlA1A 

P 

«g r* M >p t-« 1A Ok ^OO *A00 Mt^MkOiitAO k(fOi ^00 fA « kO M ^ O 

$ « ^-O Ok •-• 00 COkO OP »-< fAkO 00 « *A'0 qp O *A »A 00 o *A MSqO O ep 

OkOOOO*-ii-i»Hai<MCge«c«fOfAfA»A^'«r^kp’»A»A»A «AkO kO kO >0 
« fACAfA«A<P^A^A«A'AfA•A«AfA^A<AfAfAfAlA^A^A^A^AfA«A^AfA^A^A^A 

«A«AlAIAW>3AtAtAIAtAtAtAlA«AIAtAlAtAIAU>tA«A1AW>«A«A«A lA lA lA «A 

^ • 
S» 

(3 

^ Ok ^ Ok <too fA^ rooo fAOO fAOO Mt^ei»^Ct*^C«kOi-ikO»JkO»-*»AO«AO 
O M IAr« p e« IAT^O MIAC^OCtlAt^OeilAtrPplAr-OMIAt^OOIlA 
«A «A «A tAkO kp kO kO r» r« r«> r»oo ooooooOkOkOOOOOO»<«»-tMi-ir«MC>« 

1AIA«AtAtAtA>AtAIAtA>AtA>AlAIAIAtAIAIAIAlAtAIAlAtAlAV>IAIAIA«A 

Constant, 
30 Deg. 

1 

plAOkOMkO MkOw t^lAOO *A0P ^A00 «A0P fAOO ^ Ok ^ Ok k«t 

P«lAt^OetlAe^Oe«lAt^OtH«A*k-OM«AI>OC»IAr^OW»Ar>-OW»A 
PPPO**«»Hk-4»i4«egoi c«fA*AfA«P'A'k!j*^^io»AiA »Akp kA kO kp r- 
POOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

«AtA«A1AtAlA1AtAtAlAIA«AlAlAlA«AtAtA1AtAlA1AtAlAtAtA«AtAlAtAtA 

Constant, 

20 Deg. 

Mkp « r^tpqp kefQ^^O O wkOM t^egoo fAoo ^Ok^tJ-O tAOkO MkO « 

1 00 O ro «AoO O fA lAoO fpkO OP «-• fAkO oO »-i CAkO OP kH ^kO O M ^kO Ok 

^ tA tA «A lAkO kO kO kO 1 ^ r-oo OP OP OP Ok Ok OOOOi-immmmn 

OPOOOOOQOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOO OkOkOkOkOkOOOkOO 

4 4-kt-4'tf* ^ -4 ^ -4 ^ 4 4-4 4 

Constant, 

28 Deg. 

fA^^OkO t'^AoP ^OkVSMkO e*oP fAOk^OkO w r««goO ^OkiAOkp 

^r-pkOllAt^OCl 1A*«0 « 3A0P O fO «A0P O fAkO OP fAkO OP m fAkO P *-• 

pppkOOOk^*-'^<*i«MCoe«ro<ArAfA^^ku-^iAiAiA lAkO kO kO kO 

kst 4444*44444444444444 44444^ 444444 

Constant, 
27 Deg. 

&»3 gsa as« s? S5.g s s: 9« SS'S. a ss 912 

fA^^^iAiAiAgAkOkO'O^ »* t-r« r*QO OO 00 op POkPPOpOO>-«i->M 
lA <A «A «A lA 1A tA lA «A lA lA «A «A 1A lA >A lA tA tA lA «A lA tA «AkO kp kO kp kO kO kO 

444444444444444444444444 4 kO- 44 444 

Min. 

O M «« fO^V>kO t^vo PO M «« fA'kp'IAkO COOP PO M e« CA^IAkO t^90 PO 


SdO 




































«OSO*OV> 10 «OU>ii>V>V>»oaov>l/>lOiOU»«oiOI/>«OU>V>tO«OIO«OV>U>U> 


_ I foooo o c^iooo o c« 

e~ — — — — 3 


? 2 S S! ® oo •-« ro *o 

^ *7 *^ *^ *^ *^ *^ *^ ^ •^ *^ *^ •^ *^ •^ •^ *^ 

«/>u>toiototoio«otoii)v>«o«/>«/>v>«o>o%oti)«o«A«o«oto«o«oioui«o>o 


tso Oi »-• roo OO *-• fO'O OO 


o^ c«o w> o ^QO o loAfor^M loot 

O ro «ooo O ro«^r«OMioc^Ot«« **^t^Ot*-i 
to to to *OtO tO O t** K*« ^ t^«0 OO CO CO Ot 


cc ci ct’fOco«o<o^ ^ to lO to too 0> O o r- r» ^ r^co eo cb cb Ot 
loioiotototototo to to totototoiotototokotoioioioiototoioiototo 

toiototototototototototoiotototototoiototoioto V&tOlOIOIOlOlO 


*-« too ^Qkfo»^<co *-• too “<«*■ 

CXet^t^OiOt Ot ►-• Ot M ’♦'O 

XT'b* ^ ^^ ^ ^ ^ ^ 


Ot ^oc ro «t >0 *-t to 

tor-oettot^Octtor«._-._ 

C^r^OOOOQOOO OkOtOtOtOOO o 
r 0 «' 0 f 0 » 0 <*>r 0 r»>^ 0 «^^ 0 ^'^^^ 

tOtOtOtOtOlOtOtOtOlOtOtOlOtOtOtOtOtOtOtOtOtOtOBOtOtOtOtOtOtO 


. - > fO «■ - _ _ _ _ _ 

ctc«c«c«c«o«e«cic«etc«««c«c«c«c«c«c<ioictc«c«o«oic«ct 

totototoiotototototototototototototototototototototo«ov>to«o 


h to to to to'O to tO 


t 




O «M to _ _ 

o’S^^^§‘ 8 ' 8 ‘ 8 ‘ 


Tf otOi-t*-ovot ^ ot ^ , 

_ -.tor*.octtor^Oc*tor^Owtot^oet»o«**C 
O OO 0 *-« »-ii-i •-• Cl M etci rocococo'tt'^^'^to 


lototototototototototoiotoiototoiotototoiotototoioto to to to to 


OO cooo ■^Ot'^OtioO io)-4>0 t-<>0 c^ t^ct r- pOoO cOoO 'b'^^OtT^O toO 
O Ot»-« tj->o Ot»-i ■»fr>-0»c« -ej'r^Ow ^t^Otwiot^O 

« Cl coco«oro'*i‘'''r'^^tototo tO'O vO >0 >0 r*oo oo oo oo Ot ot Ot O 

OtOtCtOtOtOtOkOtOtOtOtOtOvOvOtOtOtOtOtOOvOtOtOtOvOtOtC^OO 


___ ___ -if-O to »-• >0 et PCoo -^Ot to O >0 

Ot t-t ''i’tO Otci ^r^^ci toc^O cttor^o 5tt^52S.!!2 

r^r^t^oooooooo ototototo O O o »-• *-* *-t ci ci ci ci rococo^O’^-'ir'^’^ 
c^c^r«r^r«t«r«t^t*«c^c*'OOoooocoaoooaoaoaooOQOOooooOQOoooooooo 


O M to O CO 

cccicidroco- .- . - 

tO>OtOtO'OONOtO> 0 ' 0 'OtO>OtO>OtO 




M CO too r«oo Ot O X CO ro ^ toO »^oo » O x et co too *^oo P 
•broco^cococoro^^^^'^^'^^ tp to to to. to to to to to to too 
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Table 6.—Sine Bar Table—C ontinued 


Constant, 

44 Deg. 

'O r*qo AOkO 4 ^ « r«t^ee ao *«• m ej v>^v>^ 0^0 t^to aetO m 

^too fO«rtt^Ch*-« fOW>t^O « 00.0 M 00 0 ^ ^ Ot 

w> 10 to to>0 >0 0 0 VO r- ««• r«' r«oo oooooooo O OO O 

Oic^OkChCKO»CNCKeK&eKeKCN^c^<>cseKCKeKCK<>e^c^&c^oo 0 0 0 

o<>o>o>d>d'C>' 0 ^^'Oy>^o^o>b>o<>>o>d^>d>o^>o 

Constant, 
43 Deg. 

0 M N Tfioo Ot 0 M « '+*0'0 r »00 Ov M M ^ '(t'toNOoO Ot 0 *-• N ro ^«o 
0 M ^0 ooO « roo 00 0 w 00 0 rotor«Oti-i ro 

M M N ct C 4 loO ^0>0^0 nD r- r- i>- t^oooo 

OOOOOOQOOOoOaOQOOOQOQOOOOOOOOOOOOOeOQOOOoOQOQOOOaOQOOOOOaOOOQO 

NO O'O 0 ^ vO ^ ^ ^ 'O 0 ^ 0 0 0 0 ^ 0 0 'O >0 nO 'O >0 0 0 ^ 

Constant, 
4 * Deg, 

fO loo 00 0 » *-• Oi t^co ©►♦?*> »>. Ok 0 N po v>>C oO Ot 

I-I ro »/> 0 « 'T'O OOOC 4 t/»r»Ot»^PO too© O M t 1*»0 oOOrOtOI^Ott^fOm 

OtOvOkCKCkO O 0 0 •-• ►-• *-* t-* M «N M <N fOfOPOPO»^^'^^^^* 0 »Otn 

>0 0 'O >0 >o t*« 

n 0 > 0 ^O' 0 ' 0 ' 0 > 0 ' 0 n 0 ' 0 > 0 O' 0 > 0 ' 0 > 0 n 0 ' 0 O> 0 > 0 ' 0 >C>' 0 > 0 > 0 ' 0 ' 0 ' 0'0 

6=^ 

00 0 <N ^>o ooo»»-<^ot/>trOkMPo i/>>o 00 0 e« ^0 00 Ov m po i/i t.»oo 0 « 
0 P4 »o CS *-• po »ooo 0 04 Ov •-* PO »o P m oo P to *o Ov •-• 

«PO^^'P t^oo QOoooOooOtO^POtOOOOO *-<•-' i-it-i H«ct ptpg 

iOu^tOtOtOtOu^tOW)tOtOtOt/)tOt/>tOt/> lOvOO 0 \0'0'00>0’00>00'0 

^0 >0 >0 >0 'O ^3 'O 'O ^0 ^0 'O 'O ^5 ^0 ^0 'O 'P ^0 'O 'O ^0 'O 'O >G ^0 'O 'O 

Constant. 
40 Deg. 

Ok *N POO 00 O « to t' Ok •-• Nfkp qo O M to Ok M POO 00 O P 4 « 4 tO 00 m fO to 
r- O M Ok *-• fO to O W -^O P *-• to to *» O N ^O Pm fOtOt^O CN ^ 

pt pOfOPOPOPO^^* 4 ^Ti-totowsto moooo r* t>* r^oooooooo P P P 

tO kO kO kO «0 kO \0 kP yQ vO >0 kO 

Constant, 
39 Deg. 

PI tOP *0 M tooo O POO 00 O potooo M raooo M p© O o© M POOoO O POti^qO 
PO to P ct ksfO P M fO too© O PN O’ P M POO oo O M to r« P i-i O’O oo O 
PPPOOO OO M 1-4 *-. H«CI to Pg W W P0^0P0P0^Nf.^*TN^tntOtO too 
Ct pg eg POPOPOPOPOPg POPOPOPOPOPOPOPOPOPOPOPOPOPOPOPOfOPOPOPOPOPO 

tO O O O O O O O O O O kO O O O O O '*G kO O O O O O O O kO O O kO 

Constant. 

38 Deg. 

O P PP tooO M 'to P pg tOQO M ^ r- Ok pg tOQO M ^o P pg tooo O poo P 

O 00 M fo tooo O pg 't fr* P M 40-0 00 O POO O pg kO-kO P M foo 00 O pg to 
to too OOO r« r*->oo oOoooOOkPPPOOOOo m mm mm eg pg 

kO -^'kQ k^ y^ y^ y^ yQ yQ 

Constant, 
37 Deg. 

eg tooo M ^00 M O r- O POkO Ok eokp p eg too© m gtoo m ^ t- O poo 

00 O pg to ( 4 . P pg gi >0 P M foo oo o eg to F* P pg kPfkO P M coO oo O eo to r- 

M pg eg eg eg eg P0P0P0P0^'!r'«”0'totototo too O O O e^ e* e»oo oo oo oo 

o o o o o o o o o o o O O O O O O O O O o o o o o o o o o o o 

00000000^00 O O O O O O OOO O O O O O O O OOO o 

Constant, 
36 Deg. 

p pg O P eOkO O po 5- O ^ « g^’otf M gtoo M tooo eg tooo eg to p eg o p eg 

»k.O pg 'tr-ppg 'TkO Pm POkOoo O POtOt^O eg gre-pM ^Ooo *-• e© »oqQ 
»^ooooooooooPPPPOopo M MMM pgpgpg eg wpopopopo^^ 
OOOOOOOOOOOOeOOOQOOOPPPPPPPPPPPPPPPPPPPPP 

to to to to to to to v> to v> to to to to to to to to to to to to to'to to to to to to to to 

1 

1 s 

o t-t <1 eogrtOkO «»oo PC pg «g eO'O-t^ikO t^oo PO m «g po^riokp pO 
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SSSSStf^l 


o o e o o 






- A S !i S! AO w « fo ^«o%o r»«o AO ix « eo 
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Testing Tapers. —To test a taper for a given angle, the dif¬ 
ference in height r of the plugs is found from the second formula, 
and bar S is set to this distance by means of the height gage. The 
taper is then tested between bars S and U. 

For example, what should be the difference in height of the 
plugs for testing a taper which is to have an included angle of 
26^ 30'? 

We have 

r = 10 sin A = 10 X 0.4462 = 4.462. 

Hence the difference in height of the plugs should be 4.462". 
This result can be found in the following table under the column 
headed constant 26 degrees and opposite 30 in the column headed 
minutes. 

Measuring Tapers with Discs. The angle of a taper may also 
be measured by means of two discs of unequal diameters. 



Fig. 22. —Measuring Tapers with Discs. 

R, R, hardened-steel edges; D, d, discs of different diameters; I, distance 
between centers of discs. 


The discs are placed as shown above, and the straight edges 
R, R, which are made of hardened steel and carefully ground, are 
adjusted so that the tangent lines form the taper. 

Taking a as the angle with the center axis, D as the larger 
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diameter, d as the smaller diameter, and I as the distance between 
the centers, as shown in the figure below, we have 


sin a = 


UD-d) 

I ^ 


whence 


sin a = 


D-d* 
21 ' 


Angle a can then be found from a t.^ble of sines, and from it 
we can find 2a, the included angle of the taper. 

Furthermore, from the formula for sin a we have 


2 sin d 

so that, given D, d, and the angle with the axis, we can find I 


Screw Threads 

Screw threads are familiar to every mechanic. They are used 
on bolts to hold pieces of machinery together, on testing machines 
to transmit power and in the micrometer caliper for measuring 
purposes. The threads on a bolt are known as outside threads 
and those in a nut as inside threads.'^ 

The principal parts of a thread, established by the National 
Screw Thread Commission are shown in Fig. 25. The pro¬ 



truding edge is known as the crest. The base of the groove is 
called the root. The depth of thread, i.e., the perpendicular dis- 
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tance from the crest to the bottom of the groove, is represented 
by H in Fig. 25. Twice the depth is called the double depth. 
The diameter measured over the crests is the outside diameter 
or major diameter (indicated by D in Fig. 23). -The diameter 
measured at the root is the root diameter or minor diameter. The 
•pitch diameter (indicated by PD in Fig. 23) is the diameter mea¬ 
sured between the mid-points between the crest and the root of 



the thread. It is equal to D-d. The "pitch, P, is the longitudinal 
distance between any point on one thread and the corresponding 
point on the adjacent thread. Lead, I, is the distance which a 
screw advances when turned one complete revolution. In a sin- 
gle-tiu%ad screw it is equal to the pitch; in a double-thread screw 
it is twice the pitch, etc. (See Figs. 23 and 24.) 
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Symbols 


For use in formulas for expressing relations of screw threads, 
and for use on drawings and for similar purposes, the following 
symbols should be used: 


Major diameter. 

Corresponding radius. 

Pitch diameter. 

Corresponding radius.. 

Minor diameter. 

Corresponding radius. 

Angle of thread. 

One half angle of thread. 

Number of tufris per inch. 

Number of threads per inch. 

Lead. 

IMteh or thread interval. 

Helix angle. 

Tangent of helix angle. 

Width of basic fiat at top, crest, or root. 

Depth of basic truncation. 

Depth of sharp V thread. 

Depth of American National form of thread... 

Length of engagement. 

Included angle of taper. 

One half included angle of taper. 


D 

d 

E 

e 

K 

k 

A 

a 

N 


n 



s 


3.14159 X E 
F 
f 

H 

h 

Q 

Y 

y 


There are different forms of screw threads—Sharp V, American 
National, Whitworth, Square, Acme, American National Pipe, etc. 
The methods of calculating the elements of these threads are 
shown in the following pages. 

Sharp V Thread.—This thread is 
shown in Figs. 23 and 26. The sides of 
the thread form an angle of 60 degrees 
with each other and are theoretically 
sharp at the top and bottom. 


AAA 


Fig. 26 . 
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The pitch and depth of the thread are found by the following 
formulas: 


Pitch = 


Depth = 


No. of threads per inch 

_ 0.866 _ 

No. of threads per inch 


or 0.8660 X pitch 


Illustration: What is the depth of a V-thread of |-inch 
pitch? 

Depth = 0.866 pitch = 0.866 X i = 0.108. 

Therefore the depth is 0.108 inch. 


Illustration: What is the root diameter of a f inch X 10-V 
thread? (f inch X 10 means 1 inch in diameter and 10 threads to 
the inch). From the figures 17 and 18 it is evident that the root 
diameter is equal to the outside or major diameter minus the 
double depth of the thread. 

depth = 0.866 X ^ = 0.0866, 0.0866 X 2 = 0.173 
R.D. = 0.750 - 0.173 = 0.577 in. (Ans.) 

American National Thread.—This standard embraces what was 
formerly known as the United States Standard and also what 
was formerly known as the S. A. E. (Society of Automotive 
Engineers) standard. The two threads are similar in cross- 
section, their only difference being the number of threads per 
inch. What was formerly the U. S. Standard thread is now 
known as the coarse-thread series of the American national 
thread and the former S. A. E. standard is known as the 
ftne4hread series. Tables 7 and 8 give the elements of this thread. 
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TABLE 7.—^American National Coarse-threao Series 


Identification 


Basic diameters 


Thread data 
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TABLE 8.—^American National Fine-thread Series 


Idiatlfloation 

Basle diameters 

Thread data 

Sim 

Threads 
per inob, 

fi 

Major 

diam¬ 

eter, 

D 

Pitch 

diam¬ 

eter, 

K 

Minor 

diam¬ 

eter, 

K 

Metric 
equiv¬ 
alent of 
major 
diam¬ 
eter 

Pitoh, 

P 

Depth 

of 

thread, 

6* 

Basle 
width 
of flat, 
P/8- 

Mini¬ 
mum 
width 
of flat 
at 

major 
diam¬ 
eter of 
not, 
Plil 

Hellz 
angle 
at basic 
pitch 
dimeter, 
« 

Basic 
area of 
section 
at root 
of 

thread, 

wK» 

4 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

“ 



tndui 

Inehei 

Jruhei 

mm 

Inch 

Tneh 

Inch 

Inch 

Deo, Min. 

Sgicars 

inehei 



aoeo 


0.0438 

1.624 

0.01260 




4 

23 

0.0016 

.1 .. 

72 

.073 

.0640 

.0660 

1.864 

.01380 

■ti.ooyj 

Htuitxa 

.00068 

3 

67 

.0024 

a_ 

64 

.086 

.0760 

.0657 

2.184 

.01662 

.01016 

Wr»)t‘Ttw 

.00065 

3 

46 

.0034 

s . 

66 

.000 

.0674 

.0768 

2.616 

.01786 

.01160 

.00228 

.00074 

3 

43 

.0046 

4.._ 

48 

.112 

.0086 

.0640 

2.846 

.02083 

.01363 

.00260 

.00087 

8 

61 

.0067 

8 _ 

44 

.135 

.1103 

.0066 

8.175 

.02278 

.01470 

.00284 


8 

46 

.0072 

e 

40 

.138 

.1218 

.1065 

8.605 

.02600 

.01624 

.00312 

.00104 

3 

44 

.0087 

8. 

86 

.164 

.1460 

.1270 

4.166 

.02778 

Vml 

.00347 

.00116 

8 

28 

.0128 


82 

.100 

.1607 

.1494 

4.826 

.03126 


.00391 

.00130 

8 

21 

.0175 

13,_ 

28 

.316 

.1028 

.1606 

6.486 

.03671 

.02320 

.00446 

.00149 

8 

22 

.0226 

u 

28 

.3600 

.2268 

.2036 

6.360 

.03671 

.02320 

.00446 

.00140 

2 

62 

.0326 


24 

.3126 

.2864 

.2684 

7.038 

.04167 


.00521 

.00174 

2 

40 

.0624 

M_ 

34 

.3760 

.8470 

.3200 

9.626 

.04167 

.02706 

.00621 

.00174 

2 

11 

.0800 

_ 

20 

.4376 

.4060 

.3726 

11.113 


.03248 

.00626 

.00208 

2 

16 

.1000 


20 

.6000 

.4676 

.4350 



.03248 

.00626 

.00208 

1 

67 

.1486 


18 

.6626 

.6264 

.4903 

M 

.06566 


.00694 

.00231 

1 

66 

.1888 

M __ 

18 

.6260 

.6880 

.6628 


.05666 

KSSl 

.00694 

.00231 

1 

43 

.2400 

_ 

16 


.7004 

.6688 

'M* 

.06260 

.04069 

.00781 

.00260 

1 

86 

.8618 

^_ 

14 

.8760 

.8286 

.7822 


.07143 

.04639 

.00893 

.00298 

1 

84 

.4806 

i. 

14 


.9636 

.9072 

25.400 

.07143 

.04639 


.00208 

1 

22 

.6464 

itf 

13 

1.1260 

1.0700 

1.0167 

38.676 

.08333 

.05413 

.01042 

.00347 

1 

26 

.8118 

lU 

12 

1.2600 

1.1060 

1.1417 

31.760 

.08333 

.06413 

.01042 

.00347 

1 

16 

1.0288 

I9f 

12 

1.3760 

1.3300 

1.2667 

34.026 

.08333 

.06413 

.01042 

.00347 

1 

0 

1.2602 

. 

12 


1.4460 

1.3017 

38.100 

.08333 

.05418 

.01042 

.00347 

1 

8 

1.6212 


The sides of this thread also form an angle of 60 degrees with 
each other as shown in Figs. 27 and 28, but the thread is flattened 
at the top and bottom and this flat is equal to | of the pitch. 



Fig. 27. 


Fig. 28, 
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The pitch depth and flat depth of thread are bound by the 
following formulas: 


Pitch = 


_ 1 _ 

No. threads per inch 


Depth = 


0.6495 

No. threads per inch 


= 0.6495 X pitch 


Flat (top and bottom) = i X pitch 


Thbeads per Inch American Natioj.'al Thread 


Diameter of Screw 


1 

1 

/16 

H 

He 


He 


% 

1 

ji 

1 



m 


Coarse Series. 

20 

18 

16 

14 

13 

12 

11 

]0 

9 

8 

1 

7 

6 

6 

Fine Series. 

28 

24 

24 

20 

20 

18 

18 

16 

14 

14 

12 

12 

12 

12 


Illtjstbation: Find the depth, pitch, and the flat of a * inch 
X 20 American National Screw Thread. 


No. of threads per inch 20 
Depth = 0.6495 X pitch 

= 0.6495 = 0.0325 

Flat = I X liV = 0.006.2. 


Therefore, the pitch is the depth is 0.0325 inch, and the flat, 
i.e., width of the tool, is 0.0062 inch. 

Illustration: Find the top drill size for a 1 inch X 14 
American National Screw Thread. 
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Note: The top drill size is equal to the root diameter when a 
full thread is desired. Standard tables usually give the top drill 
size as 75% of a full thread. 

Depth = 0.6495 X pitch = 0.6495 X A = 0.0464 
Double depth = 0.0464 X 2 = 0.0928 
Root diameter = 1.000 — 0.0928 = 0.9072, 


Therefore the depth is 0.0464 inch and tap drill size, root 
diameter, is 0.9072 inch. 

Whitworth Standard Thread. —^This is the British Standard 
thread. As shown in Fig. 29, the roots and the crests are roimded 

and the sides form an angle of 55® 
with each other. If the thread 
were carried to a sharp point top 
and bottom, the rounded part 
would take | at the top and ^ at 
the bottom. Thus, f is left for 
the depth of the thread. In such 
a thread the pitch, the depth and the radius are found by the 
following formulas. 


o. 



Fig. 29. 


Pitch = 


_ 1 _ 

No. threads per inch 


Depth = 


0.6403 

No. threads per inch 


Radius = 


0.1373 

No. threads per inch 


or 

or 


0.6403 X pitch 
0.1373 X pitch 


Illustration: Find the pitch, depth, and radius for a inch 
X 11 Whitworth Standard Screw Thread. 


No. threads per inch 11 

Depth = 0.6403 X pitch = 0.6403 X -A" = 0.0582 in. (Ans.) 
Radius = 0.1373 X pitch = 0.1373 X tSr = 0.0125 in. (Ans.) 
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Square Thread. —^The sides of the square thread are parallel 
and the depth of the thread is equal to the width of the space 


A " 



<i 


<•■1- 


Fig. 30. 





Fig. 31. —Single Square Thread; 


between the teeth. (See Figs. 30, 31.) This space is theoretically 
equal to one-half of the pitch. It is necessary in practice to make 
the space in the nut a trifle wider than the thread so as to have 
a running fit between the screw and the nut. 

Acme Thread. —The Acme Thread (see Fig. 32) has to a large 
extent replaced the square thread be¬ 
cause of greater ease in cutting and 
of the greater strength secured. The 
angle between the sides is 29°, 14on 
each side of the vertical. 

The following formulas are used in 
calculating measurements of Acme 
Screw Threads and tap threads. 

For Screws: 

d = ip + 0.0100 d = ip + 0.0200 in. 

f = 0.3707p / = 0.3707p - 0.0052 in. 

c = 0.3707p - 0.0052 in. c = 0.3707p - 0.0052 in. 

when d = depth of thread, f = width of flat at top of thread, and 

c = width of flat at root of thread. 

Diameter of tap = diameter of screw + 0.200 inch 

Diameter at root of thread (tap and screw) = diameter of 
screw — (p + 0.020 inch) 



Fig. 32.—^Acme Thread. 
For Taps: 
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lUiUBTRATiON: Find the depth of | inch pitch Acme tap 
thread. 

d = ip + 0.0200 
= I X I + 0.0200 
= 0.0625 + 0.0200 = 0.0825 in. 

American National Pipe Thread.—This was formerly known 
as the Briggs standard pipe thread. These threads are similar to 
the American National Thread, the sides making an angle of 60 
degrees, but the root and crest are slightly rounded. However, 



^Eo~P/tc/i Diameter at £rt<J 
of Pipe 


Outs/c/e DiameterJ 
I of Pipe — D 
. ^ ^2~Pitch Diameter 

^ at Length La 

Pitch Diameter of Thread 
at Gaging Notch 


Fig. 33. 


the chief difference between pipe thread and ordinary thread is 
that there is a taper on the diameter equal to ^ inch per inch or 
f inch per foot. The thread depth equals 0.8 X pitch of thread. 
The number of threads per inch for various pipe sizes is given in 
Table 9 with the other elements. 
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TABLE 9. 



• OlTw «loikiniMion ftv ON la NtMtiiv up 


Measuring Screw Threads.—There are several methods of 
measuring screw threads, depending on what instruments are 
available. The number of threads per inch may be determined 
by means of a steel scale as shown in Fig. 34 or by a pitch gage as 
shown in Fig. 35. 



Fig. 34. 


Fig. 36. 
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Pitch diameter is one of the most important measurements of 
a screw. This may be read directly from a special thread microm¬ 
eter caliper. However, if such an instrument is not available, an 
accurate measurement may be obtained with an ordinary microm¬ 
eter by the three-wire method. Three wires of equal diameter 



Fio. 36. 


are arranged as shown in Fig. 36, one wire being placed in the angle 
of thread on one side of the screw and the other two on the oppo¬ 
site side, then measuring over the whole with a micrometer. 

When W — diameter of wire, 

M = micrometer reading, 
pitch diameter of the American National thread is: 


P.D. == M -ZW + 


0.8660 

N 


Other equations derived from substitution of relations pertaining 
to this thread are: 


D = M - 3W + 1.5155p 
M = D - 1.5155p -I- ZW 


Illustration: What will be the correct micrometer reading of 
a § in. X 12 (American National) thread if the three-wire system 
is used and the diameter of the wires is 0.070 in.? 


W « 0.070; p = *; D = § 

M = D- 1.5156P + ZW = -1- 3 X 0.070 

M = 0.5 - 0.1263 -I- 0.210 = 0.5837 in. (Ans.) 
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Illustration: What is the pitch diameter of the threads in 
the above illustration? 


P.D. = M -3W + = 0.5837 - 3 X 0.070 + 2:^ 

N 12 

P.D. = 0.5837 - 0.210 + 0.0723 = 0.^60 in. (Ans.) 


Similar equations have been developed for use when measuring 
the Sharp V thread by the three-wire system. They are: 

P.D. = M - 3F -I- (as before) 

But, D = M -3W + 1.7320P, 

and M = D - 1.7320p + 3W 


In the three-wire system of measurement, any wire which will 
project above the crest of the thread and which has a diameter less 
than the pitch may be used. However, the best results will be 
obtained when the wire is of such size that it is tangent to the 
sides of the thread at the mid-points between the root and the 
crests. A wire which meets this qualification is known as the 
best mre. It can readily be demonstrated that the best-wire 
diameter is equal to two-thirds of the depth of a V thread. Since 

0 866 

the depth of the V thread equals , the best-thread diameter 


. 2 0.866 

w^-x-jT 


0.57735 
N ' 


This formula also holds true for the 


proper size of wire for measuring American National threads. 


Illustration: What is the best-wire size for measuring a 
^ in. X 13 American National thread bolt by the three-wire 
method? 


0.57735 

N 


0.57735 


= 0.04441 inch diameter (Ans.) 


13 
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Screw Thread Angle. —The angle of the helix is designated by 
0 in Fig. 42. This angle varies with the pitch diameter and the 
lead of the screw. 

Tangent of helix angle = —* 

* * P.D. X rr 

Ilhtsthation: What is the helix angle of a f in. X 11 Ameri¬ 
can National thread? 


P.D. = D - 


0.6495 


tan 4 > = 


tan <t> = 


/5 0.6495\ 

’"\8 11 / 

7 X 1 

^ 22 X 11 X 0.566 

0 = 2° 56' (Ans.) 


0.6495 

11 

_ 1 _ 

jr X 11 X (0.625 - 0.059) 

= 0.051125 


Taps and Tap Drills.—Internal threads less than three-quarter 
inch in diameter may be cut by the use of taps, shown in Fig. 37, 




Fia. 37.—^Taper, Plug, and Bottoming Taps. 


Fig. 38. 


and the corresponding external threads may be cut with a die. 
(Fig. 38.) 

When drilling a hole preparatory to tapping, the theoretical 
size of the drill is the root diameter of the screw which is to fit the 
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TABLE 10 


Sizes op Twist Drills with Decimal Equivalents 


Size 

Decimal 

Equivalent 

Size 

Decimal 

Equivalent 

1 Size 

Decimal 

Equivalent 

Size 

Decimal 

Equivalent 

j" 


i" 

0.2500" 

#26 

0.1470" 

#56 

0.0465" 

ii" 

H" 

.4844 

.4688 

E 

1 ^ 

.2500 

.2460 

#27 

A" 

.1440 
. .1406 

#57 

#58 

.0430 

.0420 

W 

A" 

.4531 

.4375 

C 

B 

.2420 

.2380 

#28 

#29 

.1405 

.1360 

#59 

#60 

.0410 

.0400 


.4219 


.2344 

#30 

.1285 

#60' 

.0390 

z 

.4130 

A 

.2340 

i" 

.1260 

#61 

.0380 

W' 

.4063 

#1 

.2280 

#31 

.1200 

#62 

.0370 

Y 

.4040 

#2 

.2210 

#32 

.1160 

#63 

.0360 

X 

.3970 

A" 

.2188 

#33 

.1130 

#64 

.0350 

R" 

.3906 

#3 

.2130 

#34 

.1110 

#65 

.0330 

w 

.3860 

#4 

.2090 

#35 

.1100 

#66 

.0320 

V 

i" 

.3770 

.3750 

•#5 

#6 

.2055 

.2040 

A" 

#36 

.1094 

.1065 

A" 

#67 

.0313 

.0310 

u 

.3680 

H" 

.2031 

#37 

.1040 

#68 

.0300 

R " 

.3594 

#7 

.2010 

#38 

.1015 

#68} 

.0295 

T 

.3580 


.1990 

#39 

.0995 

#69 

.0290 

S 

.3480 

#9 

.1960 

ElSl 

.0980 

#69} 

.0280 


.3438 

#10 

.1935 

#41 

.0960 

#70 

.0270 

Ii 

.3390 

#11 

.1910 

A" 

.0938 

#71 

.0260 

Q 

.3320 

#12 

.1890 

#42 

.0935 

#71} 

.0250 

W ' 

.3281 

A" 

.1876 

#43 

.0890 

#72 

.0240 

P 

.3230 

#13 

.1850 

#44 

.0860 

#73 

.0230 

0 

.3160 

#14 

.1820 

#45 

.0820 

#73} 

.0225 

A '' 

.3125 

#15 

.1800 

#46 

.0810 

#74 

.0220 

.N 

.3020 

#16 

.1770 

#47 

.0785 

#74} 

.0210 

tt " 

.2969 

#17 

.1730 

A" 

.0781 

#75 

.0200 

M 

.2950 

ii" 

.1719 

#48 

.0760 

#76 

.0180 

L 

.2900 

#18 

.1695 

#49 

.0730 

#77 

.0160 

A" 

.2813 

#19 

.1660 

EEill 

.0700 

A" 

.0156 

K 

.2810 

#20 

.1610 

#61 

.0670 

#78 

.0150 

J 

.2770 

#21 

.1590 

#52 

.0635 

#78} 

.0145 

i 

.2720 

#22 

.1570 

A" 

.0625 

#79 

.0140 

£[ 

.2660 

A" 

.1563 

#53 

.0595 

#79} 

.0135 

tt" 

.2656 

#23 

.1540 

#54 

.0550 

#80 

.0130 

G 

.2610 

#24 

.1520 

#55 

.0520 



F 

.2670 

#25 

.1495 

A" 

.0469 

... 

.... 
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tapped hole. In actual practice the drill is a little larger to pre¬ 
vent excessive strain on the tap and facilitate production. Table 
10 gives sizes of twist drills with decimal equivalents. Table 11 
gives the proper tap drill sizes of American National Threads. 


TABLE 11 


Thread 

Diameter 


Ke 

M 

Ke 

H 

h 

H 


Threads 
to 1" 


20 

18 

16 

14 

13 

12 

11 

10 

9 


Diameter 
of Drill 


0 . 191 " 

.248 

.302 

.354 

.409 

.465 

.518 

.632 

.745 


Thread 

Diameter 


1 " 

IK 

1 % 

IK 

IK 

IK 

m 

2 


Threads 
to 1" 


8 

7 

7 

6 

6 

5K 

5 

5 

4K 


Diameter 
of Drill 


0 . 854 " 

0.957 

1.082 

1.179 

1.304 

1.412 

1.515 

1.640 

1.739 


Cutting Threads on a Lathe.—If a thread-cutting tool is 
brought up to a piece of work which has previously been turned 
to the correct outside diameter of a proposed screw and the feed 
is thrown in, it is evident that the threads cut will correspond to 
the threads on the lead screw. If the lead screw has six threads 
per inch and makes six revolutions, the carriage will travel one 
inch. The threading tool will have travelled the same distance 
along the piece to be threaded. If the spindle and the lead screw 
are geared one to one, the spindle will make the same number of 
revolutions as the lead screw. 

If the gear on the stud is one-half the size of that on the lead 
screw, the spindle will make twice as many revolutions as the feed 
screw, the spindle revolving twelve times while the tool moves one 
inch. Therefore twelve threads will be cut. 

The rate of the feed may be changed by inserting different 
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gears to transmit the motion from the stud to the lead screw. 
These gears, of which a number are provided for each machine are 
called “ change gears ” and are arranged as shown in Fig. 39. 
When a single idler gear connects the gears, the spindle and the 
lead screw, the arrangement is called simple, gearing. To find the 
gear ratio between the stud and lead screw in simple gearing, 
the following formula is used: 

threads per in. of lead screw _ teeth in gear o n stud 
threads per in. to be cut teeth in gear on lead screw 

Illustration: What gear ratio will be required to cut 16 
threads per inch on a lathe which has a lead screw with 6 threads 
per inch? 


threads per in. of lead screw 
threads per in. to be cut 


16 


^ (Ans.) 


Having obtained the ratio of the gears, it is necessary to 
multiply the numerator and denominator by some number 
so that the result will represent gears in stock. From the 
above illustration, 


3- 8 

8><8 = 


24 = teeth in gear on stud 
64 = teeth in gear on lead screw 


If gears with 24 and 64 teeth are not available, some other number 
must be tried. Gears with 30 and 80 teeth, respectively, would 
serve equally well as seen below. 

3 10 30 = teeth in gear on stud 

8 10 80 = teeth in gear on lead screw 


Sometimes it is not possible to obtain the correct ratio with two 
gears, particularly when a very small or a very large number of 
threads per inch are to be cut. Then it is necessary to insert two 
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additional gears keyed to the same shaft, either replacing the 
idler as shown in Fig. 39 or in addition to the idler. This is called 
compound gearing. 

For compound gearing, the same formula as given for simple 
gearing may be used except that both the numerator and the 
denominator are divided into two factors. 

Illustration: What change gears are required to cut a screw 
thread with 30 threads per inch on a lathe with a lead screw of 6 
threads per ioch? 

A * 1 = 1 X 1 

30 6 3 X2 

These factors are then multiplied separately by numbers which 
will give suitable gear teeth numbers as follows: 

1 30 30 , 1 25 25 

3 ^ 30 “ 90 2 ^ 25 ~ 50 

The numbers 30 and 25 represent the teeth on driving gears; 90 and 
50 the teeth on driven gears. 

The number of threads per inch on the lead screw varies with 
the make of machine, hence the necessity of having different sets 
of change gears. The following are the standard gears supplied 
with a Reed lathe having a 5-pitch screw: 

25-30-35^0-40-45-50-55-60-65-69-70-75-80-90 

The following are the standard gears supplied with the Pratt & 
Whitney lathe having a 6-pitch screw: 

30^0-50-60-65-70-75-80-90-95-100-105-110-115-120 


Illustration: What change gears can be used to cut 13 
threads to the inch with a lathe that has a lead screw with four 
threads to the inch, using a stud gear of 20 teeth? From the pro¬ 
portion on page 560. 

X : 20 = 13 : 4 


X 


20 X 13 
4 


=■65 


Therefore, a 65 T gear is used on lead screw. 
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IiiLTTSTration: Using a 110-tooth gear on the lead screw and 
a 75 on the stud, with compound driven and driver gears of 50 and 
80 teeth, respectively, how many threads per inch will be cut if 
the lead screw has 6 threads per inch? 

X : 6 = (110 X 50) : (75 X 80) 

6 X no X 50 ^ ^ 

X =-= 5.5 

75 X 80 

Therefore 5.5 threads per inch will be cut. 


Milling 

Simple Indexing.—In machine shop milling it is often neces* 
sary to machine a piece of work on several faces with considerable 
accuracy. This is usually accomplished by attaching the work 
to a dividing or index head so that it may be rotated into any posi¬ 
tion. (See Fig. 40.) On all standard dividing heads it requires 
40 turns of the index crank to revolve the dividing head spindle 
once. 

If a piece of work is to be cut at any number of points equi¬ 
distant apart on its periphery, then to find the number of turns 
of the index crank for these divisions, divide the munber of turns 
required for one revolution of the dividing head (40) by the num¬ 
ber of divisions wanted. 



when N = number of divisions required; 

R = number of tmms of the crank for given division. 

Illustration: A 57-toothed gear is to be turned on a milling 
machine. How many turns of the crank will be required to turn 
the work from one tooth to the next? 

« 40 40 . . , 

it = — = — revolution (Ans.) 



MACHINE SHOP WORK 



Fio. 40.—Above, Simple Indexing; Below, Differential Indexing, 
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The last illustration brings up the question of how the crank 
is to be stopped accurately at fractional revolutions, in this case 
of a revolution. This is accomplished by the perforated index 
plate shown in Fig. 40. This plate has small holes evenly spaced 
along concentric circles. There are generally three interchange¬ 
able plates with each dividing head. The following list gives the 
number of holes per circle on the three plates used on a standard 
machine. 


Plate Number of Holes in the Various Circles 

1 . 16 — 16 — 17 — 18 — 19 — 20 

2 . 21 —23 — 27 — 29 — 31 —33 

3 . 37 — 39 — 41 — 43 — 47 — 49 


Some dividing heads have only one plate. In this case the 
plate has holes on each side as follows: 

one side 24-25-28-30-34-37-38-39-41-42-43 

and on the other side 

46-47-49-51-53-54-57-58-59-62-66 

The crank is provided with an index pin which engages the 
desired hole and holds the crank stationary. 

Illustration: What is the simple indexing for 330 divisions 
40 40 4 

R = —r = -T- — :::: revolution, or 4 spaces on the circle with 
N 330 33 ’ ^ 

33 holes or 8 spaces on the circle with 66 holes. (Ans.) 

In order to obtain a number of divisions that cannot be 
obtained with ordinary index plates a process of differential 
indexing is used. By this process the index plate is revolved 
by suitable gears which connect it to the dividing head spindle, 
the stop pin holding the index plate being disengaged altogether. 
(See Fig. 40.) 
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The rotary or differential motion of the index plate takes 
place when the crank is turned, which turns the plate either for¬ 
ward or backward as may be required. The result is that the 
actual movement of the crank, in indexing, is either more or less 
than the movement in relation to the index‘plate. 

The differential method cannot be used in connection with 
spiral milling, because the dividing head spindle is geared to the 
lead screw of the milling machine. 

The amount of rotation of the index plate may be regulated 
by the difference in velocity ratios of the change gears. 

Illustration: Find the indexing required for 81 divisions. 
By simple indexing the index crank would be rotated throu^ 
of a turn for each division, but as there is no plate with 81 divi¬ 
sions, the spacing is impossible: therefore, another fraction is 
selected whose value is near for example, ^ or then a 
21-hole circle can be used. 

In simple indexing for 80 divisions the movement of the index 
crank is f J or § of a turn for each cut. 

If the crank is given | of a turn eighty-one times, it makes 40§ 
turns or ^ of a turn more than the 40 turns required for one revo¬ 
lution of the work. Hence the index plate must move backward 
J of a revolution while the work revolves once 

41^ - 40 = 1| 

Hence the ratio of the gears is 1 : 2. 

2 ^ 24 “ 48 

A 24 T gear (driving) is placed on the special differential indexing 
center in the spindle of the dividing head; and the 48 T gear 
(driven) is placed on the worm shaft which turns the index plate 
(See gear on spindle and gear on worm in Fig. 40.) 
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As the motion of the index plate must be in the direction 
opposite to the movement of the index crank, idler gears must 
be used. These do not affect the ratio. 

The following gears are generally available for differential 
indexing; 24-24-28-32-40-44-48-66-64-72*S6-100. 

Angular Indexing.—Sometimes a milling job calls for making 
cuts at intervals of a certain number of degrees around the periph¬ 
ery of a piece of work. With a standard index head, where 40 
turns of the index crank are required for one revolution of the 
work one turn of the crank equals is of 360 degrees or 9 degrees. 

Thus, if one complete turn of the crank equals 9 degrees, 2 holes 
in the 18 circle or 3 holes in the 27 circle must equal 1 degree, or 
1 hole in the 18 circle will equal degree or 30 minutes, and 1 hole 
in the 27 circle will equal | of a degree or 20 minutes. 

Illustration: What is the angular indexing for 19 degrees? 

If 1 turn equals 9 degrees, 2 turns equal 18 degrees. Add 2 
holes on 18 circle or 3 holes on 27 circle. 

Indexing for 19 degrees is then, 2 turns + 2 holes on 18 circle 
or 2 turns + 3 holes on 27 circle. (Ans.) 

Illustration: What is the angular indexing for 7 degrees 
40 minute.®? 

40 minutes = | degree, 
then 7f -T- 9 = If. 

Therefore, the indexing for 7 deg. 40 min. is 23 holes on 27 
circle. (Ans.) 

Table 13 gives the plain and differential indexing of the numbers up to 370. 

Spiral Milling .—Cutting a helical milling cutter as shown in 
Fig. 41, or a twist drill, is called spiral milling and can be attained 
by the use of an index head so geared to the longitudinal feed 
screw of the mi lling machine as to impart a rotary motion to the 
work as it is fed along under the cutter by the action of a train 
of gears. 

The lead of a helix or spiral is the distance, measured along the 
axis of the work, which the spiral makes in one full turn around 
the work. 
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Table 13 .—CovUinued 


Number ci Divinooi 

Index Cirde 

•si 

330 

33 

A 

331 

x6 


332 

x6 

A 

333 

x8 

A 

334 

16 

❖ 

335 

33 

A 

336 

16 

❖ 

337 

43 

A 

338 

16 

A 

339 

18 

❖ 

340 

17 

A 

341 


A 

34 « 

18 

A 

343 

15 


344 


A 

345 

18 

A 

346 

x 8 


347 

43 

A 

348 

18 

A 

349 

18 

A 

350 

x 8 

A 

351 

x 8 

A 

353 

x 8 

A 

353 

18 

A 

354 

x 8 

A 

355 

18 

A 

356 

x 8 

A 

357 

x 8 

A 

358 

x 8 

A 

359 

43 

A 

360 

x 8 

A 

361 


A 

362 

x 8 

A 

363 

x 8 

A 

364 

x 8 

A 

36s 

20 

A 

366 

x 8 

A 

367 

x 8 

A 

368 

x 8 

A 

369 

41 

A 

370 

37 

A 



No. X Hole 

Gear on Worm 

First Gear on 
Stud 

Second Gear 
on Stud 

64 

44 

24 

32 

24 

32 

72 

48 

44 

32 

86 

40 

32 

32 

24 

86 

24 

32 

32 

40 

64 

24 

24 

72 

56 

32 

86 

24 

32 

24 

72 

44 

24 

72 

40 

32 

24 

72 

24 

24 

72 

72 

72 

72 

72 

72 

32 

48 

86 

48 

32 

32 

72 

28 

56 

72 

72 

32 

48 

24 

48 

72 

72 

24 

24 

32 

56 

28 



678 . 
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Number of Divisioof 

Index Circle 

No. of Tuns of 

Index 


No. x Hole 

1 

Idlers 

First Gear on 
Stud 

Second Gear 
on Stud 

No. I Hole 

No. 2 Hole 

411 

21 

A 

28 



24 

56 


412 

20 

A 

40 



48 

24 

44 

413 

21 


48 



32 

44 


414 

21 


56 



32 

44 


41S 

20 

A 

32 



48 

24 

44 

416 

20 

A 

40 



64 

24 

44 

417 

21 

A 

S6 

32 

48 

24 



418 

20 

A 

40 



72 

24 

44 

419 

33 

A 

44 

28 

24 

72 



420 

2 X 

A 







421 

20 

A 

48 

S6 

40 

72 


24 

422 

20 

A 

40 

44 

32 

64 


24 

423 

21 

A 

72 

24 

S6 

48 


24 

424 

43 

A 

86 

24 

24 

48 



42s 

21 

A 

72 

48 

56 

40 


24 

426 

21 

A 

S6 



32 

24 

44 

427 

20 

A 

40 

48 

32 

72 


24 

428 

20 

A 

40 

5<5 

32 

64 


24 

429 

21 

A 

28 



24 

24 

44 

430 

43 

A 







431 

21 

A 

72 

44 

28 

48 


24 

432 

20 

A 

40 

S6 

28 

64 


24 

433 

20 

A 

40 

44 

24 

72 


24 

434 

21 

A 

48 



64 

24 

44 

435 

21 

A 1 

28 



40 

24 

44 

436 

20 

A 

40 

48 

24 

72 


24 

437 

23 

A 1 

32 



64 

44 


438 

21 

A 

28 



48 

24 

44 

439 

43 

A 

86 

24 

24 

72 


24 

440 

33 

A 







441 

21 

A 

32 



64 

24 

44 

442 

20 

A 

40 

56 

24 

72 


24 

443 

20 

A 

40 

48 

24 

86 


24 

444 

21 

A 

56 

48 

24 

64 


24 

445 

33 

A 

64 

32 

44 

40 


24 

446 

33 

A 

44 



24 

24 

48 

447 

21 

A 

28 



72 

24 

44 

448 

20 I 

A 

40 

64 

24 

72 


24 

449 

33 1 

A 

64 

32 

44 

72 


24 

450 I 

i 

33 

A 

44 



40 

24 

32 


580 
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1 




No. 

X Hole 

■ 

Idfen 

'S 

1 

8 

1 

1 

8 


1 

H 




3 


3 


|8 




451 

452 

453 

33 

33 

33 


24 

44 

44 



24 

48 

1 

24 

24 

44 

40 

454 

49 

❖ 

S6 

64 

28 

52 

72 

•24 

40 

455 

456 

457 

458 

459 

460 

49 

21 

33 

33 

27 

23 

1 

$ 

28 

56 

44 

44 

24 

40 

64 

48 

32 

24 

24 

64 

72 

681 

72 

72 

24 

24 

24 

40 

24 

461 

462 

463 

464 

46s 

46Q 

33 

33 

21 

33 

63 

49 

A 

t 

$ 

44 

32 

56 

44 

44 

56 

28 

64 

48 

24 

48 

24 

24 

28 

24 

28 

72 

64 

86 

56 

100 

64 

24 

24 

44 

24 

24 

24 

407 

468 

469 

470 

33 

39 

49 j 
47 

’i 

44 

28 

28 

48 

48 

32 

24 

73 

56 

48 1 

44 

34 

471 

1 49 

A 

56 

32 

28 

76 1 


I 

472 

49 

A 

56 

32 

28 

1 72 



473 

474 

33 

49 


48 
! 56 

! 64 

32 

28 

72 

64 


24 

475 

49 


56 

40 

28 

48 



476 

49 


56 


64 

24 


Vnl 

27 


24 

48 

24 

56 



478 

49 

A 

56 

24 

28 

64 



4I0 

49 


56 

32 

28 

44 



481 

482 

483 

484 

49 

A 

56 

32 

28 

40 



37 

33 

49 . 
49 

1 

24 

44 

56 

56 

56 

24 

24 

28 

24 

72 

32 

32 

S6 

44 

24 

48s 

23 

A 

46‘ 

24 

24 

100 


24 

486 

27 


32 

56 

28 

64 



.487 

39 

A 

24 

72 

52 ‘ 

44 



488 

33 

A 

44 

64 

24 

72 


24 

489 

23 

A 

46* 

58* 

32. 

64 


24 

490 

49 
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Number of OivisiMis 

Index Circle 

No. of Turns of 

Index 

Gear on Worm 

No. x Hole 

Gear on Spindle 

. 1 

Idlers 

First Gear on 
Stud 

Second Gear 
on Stud 

No. I Hole 

No. 2 Hole 

491 

33 


44 

681 

24 

72 


24 

492 

41 

❖ 

23 

48 

24 

56 



493 

29 i 


32 

64 

24 

72 



494 

39 


32 



64 

44 


495 

27 


32 

40 1 

24 j 

64 



496^ 

49 

❖ 

56 

24 

23 

32 


24 

497 

49 

‘4^ 1 

56 



32 

24 

44 

498 

27 

'A' 

48 

56 

24 

64 



499 

49 

❖ 

56 

24 

28 

48 


24 

500 

49 


56 

32 

28 



24 

501 

49 


5 ^ \ 

32 

23 



24 

$02 

49 


56 

32 

23 



24 

503 

23 

A 

46 » 

64 

32 



24 

504 

49 

A 

56 




24 

24 

505 

49 


56 

40 

23 



24 

506 

49 

A 

56 

32 

23 i 



24 

507 

39 

A 

24 




56 


S08 

49 


56 

32 

28 

72 


24 

509 

49 

A 

56 

32 

28, 

76* 


24 

510 

49 

A 

56 

40 

23 

64 


24 

511 

49 


23 



48 

24 

44 

512 

49 

A 

56 

44 

28 

64 


24 

513 

27 


32 



64 

44 


514 

49 

A 

56 

48 

28 

64 


24 

S15 

27 


72 

32 

24 

100 



516 

43 

A 

32 

56 

28 

64 



517 

49 

A 

56 

43 

28 

72 


24 

518 

49 


28 



64 

24 

44 

519 

27 

T?r 

72 

56 

32* 

64 



520 

39 

iftr 







521 

27 


72 

76' 

48 

64 



522 

29 


43 

64 

24 

72 



523 

27 


72 

68 » 

48 

64 


i 

524 

27 


72 

32 

24 

64 



52s 



72 

40 

32 

64 


1 

526 



S6 

64 

28 



24 

527 


A 

32 

64 

24 




528 

27 

* 

72 

24 

24 




529 

27 


72 

44 

48 




530 

15 

tV 

24 

56 






^ Special gear. 
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TabijB 13 .—Continued 


r 

Number of Diviskuis 

Index Circle 

Na of Turns of 

Index 


No. X 

Hole 

Gear on Spindle 

Idlers 

First Gear 
on Stud 

!«■ 

No. I Hole 

No. a Bole 

S 3 I 

27 

T ?7 

72 



48 

24 


S 32 

27 


72 

32 

48 

64 



533 

27 


72 

32 

48 

56 



534 

27 


72 



32 

44 


S 35 

27 

‘if 

72 

32 

48 

40 



536 

39 

* 

52 ’ 



64 

24 

44 

537 

27 

isftr 

72 

28 

56 

32 



538 

29 

A 

58 * 

56 

24 

72 



539 

49 

A 

28 

48 

24 

56 


24 

540 

27 

T§r 







S 4 f 

39 


52 ^ 

56 

32 

48 


24 

542 

39 

A 

52 ^ 

44 

32 

64 


24 

543 

27 

3?r 

72 

24 

48 

32 


24 

544 

IS 

V 

40 

56 

24 

64 



545 

IS 


32 

44 

24 

64 



546 

39 


32 



64 

24 

44 

547 

27 

-ir 

72 

32 

48 

56 


24 

348 

27 


72 

32 

48 

64 


24 

549 

27 


72 



48 

24 

24 

550 

15 


32 

40 

24 

64 



551 

29 


32 



64 

44 


552 

27 

7 V 

72 

24 

24 

64 


24 

553 

49 

A 

28 

48 

24 

72 


24 

554 

27 


72 

56 

48 

64 


24 

555 

IS 


24 



72 

44 


556 

15 

A 

24 

44 

40 

64 



557 

15 

•At 

40 

32 

24 

86 



558 

27 


48 



64 

24 

44 

559 

39 


24 



72 

24 

44 

560 

43 

* 

86 

40 

32 

64 



561 

27 

TZ?T 

72 

56 

32 

64 


24 

562 

27 

"ir 

72 

44 

24 

64 


24 

563 

29 

A 

S8' 



681 

44 


564 

43 

A 

86 

24 

24 

56 



56s 

IS 

tV 

24 



5 ^ 

44 


S66 

43 

A 

86 

24 

24 

44 



567 

15 


32 

44 

40 

64 



568 

15 

iV 


32 

24 

64 



569 

29 


S8' 



44 

24 


S70 

IS 


32 



64 

44 



^Speda] gear. 
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^ Special gear. 
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Tabxjb 13 .—Continued 


1 

a 

1 

Index Cttde 

No. of Tuns of 

Index 


No. z Hole 

JSt 

1 

CO 

8 

1 

No. a Hole 

First Gear on 
8tad 

I 

1 

1 

«• 

651 


A 

64 



44 

24 

24 

652 


TT 

32 



24 

24 

44 

653 


A 

72 

28 

44 

.48 



654 


A 

64 




24 

44 

655 

x6 

A 

64 

40 

32 

48 


24 

656 

16 

tV 

24 



24 

24 

44 

657 

18 

tV 

32 

48 

24 

S6 



658 

16 

A 

64 

24 

24 

72 


24 

659 

16 

❖ 

64 

24 

24 

76 1 


24 

6te 

33 

iftr 







661 

16 

A 

64 

56 

48 

72 


24 

662 

16 

* 

64 

44 

24 

48 


24 

663 

17 

iV 

24 



24 

56 


664 

16 

* 

32 



48 

24 

44 

66s 

49 

A 

S6 



40 

24 

44 

666 

18 

tV 

24 



72 

44 


66j 

16 

A 

64 

48 

32 

72 


24 

668 

16 


32 



S6 

24 

44 

669 

33 

w 

44 



24 

24 

24 

•670 

33 

❖ 

72 

48 

44 

40 


24 

671 

33 

* 

72 



48 

24 

24 

672 

18 

A 

24 



64 

44 


673 

j6 

A 

48 

44 

32 

72 


24 

674 

33 

A 

72 

56 

44 

48 


24 

67s 

33 

A 

44 



40 

24 

24 

676 

16 

* 

32 



ll 

24 

44 

677 

18 

iV 

48 

32 

24 

86 



678 

18 

A 

24 



S6 

44 


679 

49 

A 

28 



44 

24 

40 

680 

17 

A 







68z 

33 

A 

44 



56 

24 

24 

682 

33 

A 

48 



64 

24 

-24 

683 

16 

A 

32 



86 

24 

44 

684 

18 

A 

32 



64 

44 


685 

18 

A 

24 

S 6 

48 

40 



686 

15 

A 

40 

64 

24 

86 


24 

687 

18 

A 

24 



44 

48 


688 

16 

A 

24 



72 

24 

44 

689 

39 

A 

24 

48 

24 

56 



690 

18 

A 

24 



40 

S 6 



^ Spedai gear. 
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Tablb 13 .—CorUirvued 


Number of Divisions 

Index Circle 

No. of Tunis of 

Index 

Gear on Worm 

No. X Hole 

1 

Idlers 

First Gear on 
Stud 

Second Gear 
on Stud 

tS 

M 

1 

& 

691 

z8 


48 

32 

24 

S8* 



692 

18 


72 

56 

32 

64 



693 

18 

tV 

32 



48 

44 


694 

17 


681 



S6 

24 

44 

69s 

18 

XT 

72 

24 

24 

ICO 



696 

z8 


24 



32 

56 


697 

17 


24 



24 

24 

44 

698 

18 


72 

44 

24 

48 



699 

18 


48 



S6 

44 


700 

18 


72 

40 

32 

64 



701 

17 

tV 

681 

48 

32 

S6 


24 

702 

18 

tV 

24 



24 

S6 


703 

19 


24 



72 

44 


704 

18 

A 

72 

24 

24 

64 



705 

18 

ijr 

48 



40 

44 


706 

18 

A 

72 



56 

24 


707 

z8 

At 

72 



52^ 

24 


708 

18 

tV 

72 



48 

24 


709 

18 


72 



44 

24 


710 

id 

* 

72 



40 

24 


711 

18 


64 



32 

1 44 


712 

18 

tV 

72 



32 

24 


713 

18 


72 



28 

44 


714 

18 

ijsr 

72 



24 

44 



18 

iV 

72 

32 

64 

40 



716 

18 

iV 

72 

28 

56 

32 



717 

18 


72 

24 

64 

32 



718 

33 

A 

44 

581 

24 

64 


24 

719 

17 

tV 

681 

52^ 

24 

72 


24 

720 

18 

tV 







72 X 

21 

A* 

24 

64 

32 

681 



722 

19 

A 

32 



64 

44 


723 

18 


72 

24 

64 

32 


24 

724 

18 

* 

72 

28 

56 

32 


24 

7*5 

18 

A 

72 

24 

48 

40 


24 

726 

18 

tV 

72 

I 


24 

24 

44 

727 

18 

tV 

72 


I 

28 

24 

44 

728 

x8 

tV 

72 



32 

24 

44 

729 

x8 

iV 

64 

1 


32 

24 

44 

730 

20 

lAr 

32 

4» 

24 

56 




^ Special gear. 
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By the lead of 1M mMing machine is meant the distance the table 
will travel while the index head spindle makes one complete 
revolution when the gear ratio between the feed screw and the 
worm gear stud is 1 to 1. 



Fra. 4’ —Spiral Milling. A—Gear on worm (driven)j B—First gear on 
stud (driver). C—Second gear on stud (driven). D—(Sear on screw (driver). 

The lead of the milling machine equals the revolutions of the 
feed screw required for one revolution of the index head spindle 
with equal gears, times the lead of the feed screw. 

Lead of spiral _ product of driven gears 
Lead of machine product of driving gears 

In finding the change gears to be used in a compound train, 
place the lead to be cut in the niunerator, and the lead of milling 
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machine in the denominator, then resolve the fraction into its 
factors and multiply each pair of factors by the same number 
until suitable numbers of teeth in change gears are obtained. 

The following change gears are available on most milling 
machines: 24-24-28-32-40-44-48-56- 64-72-86-100. 

I 

Illustbation: What change gears are required for a spiral 
index head to cut a SOrinch lead with a 10-inch lead milling 
machine? 

10~2X5~2^16“32 

9 8 ^ ^ 

5 ^ 8 “ 40 

The 64 and 72 are driven gears and 32 and 40 are driving 
gears. Then place the 72 T gear on worm, the 40 T gear oi 
screw, the 32 T first gear on stud and 64 T second gear on stud. 
(See Fig. 41.) 


Illustration: What lead or spiral can be cut with the 
following gears if the lead on the machine is 10 inches; 
gear on worm, 40; first gear on stud, 24; second gear on stud, 24; 
gear on screw, 32? 


Driven gears = 40 X 24 = 960 
Driving gears = 24 X 32 = 768 

Then, 


Lead of spiral 

To 

Lead of spiral 


768 

10 X 960 
768 


10X5 , 

—-— = 12.5 m. (Ans.) 


The Angle of Helix.—This is the angle which the spiral makes 
with the axis of the work. The swiveled milling machine table 
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must be set to this angle when cutting a helix. This angle (ir) 
may be found by the following formula: 


tangent of helix angle — 


y X diameter of work 
lead of helix 


iLLtrsTKATiON: A helix with a 24-inch lead is to be cut on a 
piece of work 3 inches in diameter. What is the angle of helix? 

X X diameter of work 3.1416 X 3 

tan d> - - = - 

^ lead of helix 24 

3.1416 ^ 

tan 4> = —— = 0.3927 

O 

= 21'^ 26' (Ans.) 

Note: Because the scale by which angle ^ is set is usually 
graduated only to fourths of a degree, the table would be set 21^°. 

The angle of the helix may be found graphically as follows: 
Draw a base line equivalent to the lead and a vertical line equal 
to the circumference. If the two lines are then connected by a 
hypotenuse the helix angle (^) which the hypotenuse makes with 
the base may be measured with a protractor. 



S 


If the drawing is made on paper, the triangle may be cut out 
and wrapped around the work with the side representing the 
circumference encircling the work. The hypotenuse will trace out 
the helix on the work. 
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TABLE 14 

AND Approximate Angles for Cutting Spirals on the Universal Milling Ma( 
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CO M O On t>*NO 
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5 


CO CO o oo r^NO ^ ^ ^ 

^ ^ CQ CQ CO CO CO CO 


5 


COM O ^l^iO^COM M M 

^ ^ ^ CO CO CQ CO CO CO CO CO 


> 4 f« HwwN»> 4 w i-f* eoNi 
Cl M o On t^NO NO COM O ooooor^ 
^N^TtcocococQCO CO CO CO Cl Cl Cl 


« 4 #HN «-lei •-»« 
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^^rfCOCOCQCOPO COCOCICIClMCICin 


CO M On NO NO COM M OOOOO Cs^tO^COCI M O O 
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W W M M 
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^ 'tf'O ^no ^00 oo 00 woo qoooooooooooo w o ooo ooo o 
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Gears 

Types of Gears.—There is a great variety of gears with regard 
to shapes, sizes, and uses. They may, however, be classified under 
four general groups: spur gears, bevel gears, worm gearing, ^d 
spiral or helical gears. , 

Spur Gears are the most commonly used gears and are used 
to transmit positive rotary motion between parallel shafts. 
They are cylindrical in shape and the teeth are cut parallel 
with the axis. 




Fig. 42. Spur Gear. 


Fia. 43.—Bevel Gears. 


Bevel Gears are used to transmit positive rotary motion to 
shafts at an angle to each other, and in the same plane. 

The teeth of a bevel gear are made on a frustum of a cone 
whose apex is the same point as the intersection of the axes of the 
shafts. 

Bevel gears usually connect shafts running at right angles. 
When the angle of the shafts is 90 degrees and the velocity ratio 
is 1 to 1, then both gears are of the same size and are called mUer 
gears. If the velocity ratio between two gears is other than 1 to 1, 
the smaller gear is called the vinion. 
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Worm Gearing is used to transmit power between two shafts 
at 90 degrees to each other, but not in the same plane, and is 
generally used when it is desired to obtain smoothness of action 
and great speed reduction from one shaft to another. 



Fig. 44 i 



The greatest objection to worm-gear drive is the excessive 
friction between the teeth, making them very inefficient and sub¬ 
ject to heating. 

A worm is a screw so cut as to mesh properly with the teeth 
of a worm wheel, the included angle of the sides being 29 degrees. 

The worm wheel is similar to a spiral spur gear. It usually has 
a concave face and the tooth spaces are concave and at an angle 
other than 90 degrees to the side of the gear. 

Spiral or Helical Gears are used to drive shafts parallel to each 
other and in the same plane, or shafts at angles to each other but 
not in the same plane. 

Herringbone Gears conform to two spiral gears fastened to 
each other, one right hand and the other left hand, thus equalizing 
the side thrust. They are used to transmit power between two 
parallel shafts. Herringbone gears are very quiet in action because 
some parts of their teeth are always in full action. 
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Efficiencies of Gears.—In relative efficiency, the different 
styles of gearing rank as follows, from the most efficient to 
the least efficient: spur, herringbone, bevel, spiral or helical, 
and worm. 


r :g. 45 . 


Gearing Definitions.—The center distance of a pair of gears is 
the shortest distance between the centers o£ the shafts on which 
they are mounted. 

The 'pitch circles of a pair of 
gears have the same diameters CZTTZZIID 
as a pair of friction rolls which Pitch oirofe8^y>;^ ^'oiatan^r 
would fill the same center dis- jfeZEE^S- 

tance and revolve at the same . 

velocity ratio. ^ 

The pitch diameter of a gear is the diameter of its pitch circle. 

The diametral pitch is the number of teeth a gear has per inch 
of pitch diameter. To find the diametral pitch, divide the number 
of teeth by the pitch diameter. The pitch diameter may in turn 
be found by dividing the number of teeth by the diametral pitch. 

The circular pitch is the distance from the center of one tooth 
to the center of the next, measured along the pitch line. To 
find the circular pitch, divide the pitch circle by the number of 
teeth, or divide tt by the diametral pitch. i 

The addendum is the height of the tooth above the pitch line. 

The dedendum is the depth below the pitch line to which the 
tooth of the mating gear extends. 

The size of gear tooth is designated by its pitch; thus, a 10- 
pitch tooth has an addendum of tV inch and a dedendum of t**? inch. 

Note; The term “pitch” when used alone always refers to the 
diametral pitch. 

The tooth thickness is measured along the pitch line and is one- 
half the circular pitch. 

The working depth is the depth in the tooth space to which the 
tooth of the mating gear extends, and is equal to the addendum 
plus the dedendum. 

The clearance is the distance from the point of the tooth to the ■ 
b)ttom of the space in the mating gear. 
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The whole depth is the distance from the top of the tooth to the 
bottom of the same tooth and consists of the addendum, dedendum, 
and clearance. 

The outside diameter is found by addmg twice the addendum 
to the pitch diameter. 

The root diameter is the diameter at the bottom of the tooth 
space. 

The/ace of the gear tooth is that part of the gear tooth outline 
which extends above the pitch line. 

The fimk is that part of the gear tooth outline below the 
pitch line. 

The fillet is the rounded comer where the flank of the tooth 
runs to the bottom of the tooth space. 

The hose circle is the circle from which the involute curve is 
generated. It is drawn tangent to the pressure line. Its position 
will vary according to the pressure angle used. The two common 
pressure angles are 14J degrees and 20 degrees. The former is 
the more common, while the latter is used on the so-called “stub- 
tooth.” For a 145 -degree pressure angle tooth gear, the base 
circle will lie inside the pitch circle a distance equal to ^ of the 
pitch diameter. 

Tooth Curves.—The shape of gear teeth is usually either invo¬ 
lute or cycloidal. 

The involute curve is the more desirable because it will allow a 
certain amount of variation in the center distance, and is for this 
reason used almost universally. 

The way actually to draw this curve on paper with drawing 
instruments is explained on page 137. 

Cycloid Gear Teeth will not be described in detail at this point 
since this principle is used mostly in large cast gears of one-inch 
circular pitch or more. These gears must always meet on the 
pitch line in both gears and racks. This means that there can be 
no variation in the pitch diameter. 

Cycloidal teeth are constmcted by making the outline of 
the face a part of an epicycloid and the flanks a part of a 
hypocycloid. 
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With these definitions in mind, we may proceed to a study of 
the characteristics of individual gear types. 




Cheu-acteristics of the Spur Gear.—The preceding definitions as 

applied to the spur gear and as illustrated in Figs. 47 and 48 are: 

A = Circular pitch or distance from center of one tooth to the 
next, measured on the pitch line. 

B = Clearance. 

C = Addendum—the height of a tooth above the pitch circle. 

D = Dedendum—bottom of tooth between pitch diameter and 
clearance. 

E = Whole depth—addendum, dedendum, and clearance. 

f = Working depth—addendum and dedendum. 

G = Thickness of tooth—width of tooth from outside to outside 
on pitch line. 

ff = Outside diameter. 





600 HANDBOOK OF APPLIED MATHEMATICS 



The following is a list of symbols and abbreviations used in the 
formulas of spur gear relationships: 

P = Diametral pitch, or pitch. 

O. D. = Outside diameter. 

N = Number of teeth. 

JVp = Number of teeth in pinion. 

Ng == Number of teeth in gear. 

N.R. = Number of teeth in rack. 

L == Length of rack. 

P. D. = Pitch diameter. 

C.D. == Center distance. 

C.P. = Circular pitch. 

Wh.D. = Whole depth. 

Wg.D. = Working depth. 

Add. = Addendum. 

Ded. == Dedendum. 

C = Clearance. 

Th. = Thickness of tooth. 

R.D. = Root diameter. 
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The following are formulas for dimensions of spur gears. 

P » TT C.P. or N P.D. 

O. D. * (N + 2 ) ^ P or (N + 2) X C.P. x or P.D. + 

(2 X Add.) 

C.P. = X ^ P or P.D. X X -J- N 

P. D. = iSr P or AT X C.P. -5- x or O.D. - (2 X Add.) 

C.D. = (Ng + Np) -fr 2P or (Ng + Np) X CIP. -5- 6.2832 

Clear. = 0.157 -5- P or C.P. 20 
Add. = 1 -f- P or C.P. h- x or C.P. X 0.318 
Ded. = 1 -i- P or C.P. h- x or C.P. X 0.318 
Wh.D. = 2.157 -i- Pot 0.6866 X CP. 

Th. = 1.5708 ^ P or C.P. 4- 2 
AT = P X P.D. or X X P.D. -h C.P. 

L = X X N.R. H- P or N. X C.P. 

R.D. = O.D. - 2 Wh.D. or P.D. - 2(Ded. + C) 


Illustration: How many teeth are there in a gear of 4 pitch 
8-in. pitch diameter? 

P = 4 = no. teeth per in. of pitch diameter. 

P.D. = 8 in. 

Then, N = P X P.D. = 4 X 8 = 32 teeth (Ans.) 

Illustration: What are the addendum, dedendum and clears 
ance of a 4-pitch gear? 

Addendum = 4 = 7 = 0.25 in. (Ans.) 

P 4 

Dedendum = 4 = 7 = 0.25 in. (Ans.) 

P 4 

Clearance = —= 0.0392 in. (Ans.) 
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ItLTTSTBATioN: What is the approximate outside diameter of 
a gear whose circular pitch is 0.500 in. and which has 60 teeth 

C.P. = 0.500, 


and 


Then O.D. = 


P = 


j\r + 2 


0.500 
62 


= 6.2832 


= 10 inches (approx.) (Ans.) 


p 6.2832 

Illustration: What is the center distance of two gears of 
40 and 60 teeth, 10 pitch? 

Np + Ng 40 + 60 


Center distance = 


2P 


2 X 10 


= 5 in. (Ans.) 


Illustration: Given approximate center distance of two gears 
of 5| in., ratio 15 to 26, 8 pitch; find pitch diameter, outside 
diameter and number of teeth in each gear. 

Note: The subscripts g for “ gear ” and p for “ pinion ” are 
added to indicate the symbol applies to the gear or to the pinion. 
Thus, P.D., is the pitch diameter of the gear. 


P.D.„ = 2Fp X 


C.D. 


F, 

= 2 X 26 X 


» + Fp 

5.125 


15 + 26 
= 52 X 0.125 = 6.5 in, 
N = 8 X 6.5 = 52 teeth 


O.D. = 


52 + 2 54 


P.D., = 2F, 


X 


C.D. 


= 2 X 15 X 


0 + Vp 
5.125 


15 + 26 
- 30 X 0.125 = 3.75 in. 
AT = 8 X 3.75 = 30 teeth 


8 


= — = 6.75 in. O.D. = 


30 + 2 32 


8 




Cutting Spur Teeth.—Smooth-running involute gear teeth may 
be cut on a milling machine by the use of standard gear cutters. 
A separate set is required for each pitch and there are eight cutters 
to each set. These cutters are adapted to cut gears ranging 
from 12-tooth to a rack. The following table can be used to select 
the proper number of cutter when the number of teeth to be cut 
is known: 
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No. of cutter 

No of teeth 

No. of cutter 

No. of teeth 

1 

135 to rack 

5 

21 to 25 

2 

55 to 134 

6 

17 to 20 

3 

35 to 54 

7 

14 to 16 

4 

26 to 34 

8 ‘ 

12 to 13 


Illustration: What number of cu.ter should be used to cut 
(a) an 18-tooth gear; (6) a 48-tooth gear? 

(a) No. 6. (Ans.) 

(b) No. 3. (Ans.) 

The depth to which the slot between the teeth is cut depends 
upon the diametral pitch. All gears of one pitch liave the same 
depth of slot. Table 15 gives the depths to which the spaces 
should be cut in gears of various pitch. 

TABLE 16 

Depth of Spaces in Geahs 


Diametral 

pitch 

Depth to be 
cut in gear, 
inches 

Thickness of 
tooth on 
pitch line, in. 

Diametral 

pitch 

Depth to be 
cut in gear, 
inches 

Thickness of 
tooth on 
pitch hne, in. 

2 

1.078 

0.785 

12 

0.180 

0.131 

2^ 

0.863 

0.628 

14 

0.154 

0.112 

3 


0.523 

16 

0.135 

0.098 

3H 

0.616 

0.448 

18 

0.120 

mmm 

4 


0.393 

20 

0.108 

■Em 

5 

U.431 

0.314 

22 

0.098 

WBM 

6 

mmm 

0.262 

24 

0.090 


7 

BIH 

0.224 

26 

0.083 

0.060 

8 


0.196 

28 

0.077 

0.056 

9 

0.240 

0.175 

30 

0.072 

0.052 

10 

0.216 

0.157 

32 

0.067 

0.049 

11 

0.196 

0.143 
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Chaiacteiistics of Bevel Gears. —^When the pitch of two bevel 
gears is the same, they will mesh properly regardless of the number 
of teeth, providing they have twelve or more teeth. A gear with 
less than twelve teeth must be specially cut to avoid interference 
of teeth while rolling. 

The pitch, outside diameter, and pitch diameter of a bevel 
gear are always calculated on the large end of the tooth. 

Figure 49 shows a cross section of a bevel gear and pinion. 



The following is a list of s 3 rmbols and abbreviations of the 
bevel gear parts and a key to these parts in the figure: 


P.C.R. = Pitch cone radius. = A 

W. of F. = Width of face. = B 

Ang. add. = Angular addendum. = C 

Add. ang. = Addendum angle.= D 

Ded. ang. = Dedendum angle. = E 

P. line = Pitch line. — F 

P.C. ang. = Pitch cone angle. — O 

Cut. ang. = Cutting angle. — H 

O. D. == Outside diameter. =7 

P. D. == Pitch diameter.= J 
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P.C. ang. (?. s= Pitch cone angle of gear.. « K 
P.C. ang. P. = Pitch cone angle of pinion == L 


Wh.D. = Whole depth. == ilf 

Add. = Addendum.= iV 

Ded. = Dedendum.=0 

E. ang. ~ Edge angle.*.~ P 

F. ang. = Face angle.» Q 


Ng =? Number of teeth in gear 
Np = Number of te^th in pinion 
N = Number of teeth 
P = Diametral pitch, or pitch 
T = Thickness of tooth 

= Number of teeth for which to select cutter 


The principal bevel gear formulas are: 

Tangent of P.C. ang. of pinion ^ Np Ng 
Tangent of P.C. ang. of gear ^ Ng Np 

Pitch diameter.==iV-5-P 

Addendum.= PorC.P. X 0.318 or 

C.P. TT 

Dedendum.= 1 -r- P or C.P. X 0.318 or 

C.P. TT 

Whole depth of tooth.= 2.157 -r- P or C.P. X 0.687 

Pitch cone radius.= P.D. (2 X sin P.C. ang.) 

Thickness of tooth.= 1.571 P or C.P. 2 

Small addendum.== (P.C.R. — P) P.C.R. X Add. 

Small thickness of tooth.= (P.C.R. — P) 4- P.C.R. X 


Tangent ang. of addendum... 
Tangent ang. of dedendum... 
Face angle. 

Cutting angle. 

Angular addendum. 

Outside diameter. 

No. of teeth for which to select 
cutter. 


thickness 
= Add. 4- P.C.R. 

= Ded. 4- P.C.R. 

= 90 deg. — (P.C. ang. + Add. 
ang.) 

= P.C. ang. — Ded. ang. 

= Cos. of P.C. ang. X Add. 

= Ang. add. X 2 + P.D. 

N 

Cos. of P.C. Ang. 
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Illustration: What is the pitch cone radius, addendum angle, 
and outside diameter of a bevel gear whose pitch diameter is 4 
inches, pitch cone angle 60 degrees, and which is 10 pitch? 
Summarizing the known factors: 

P.D. = 4 in. 

P.C. ang. = 60“ 

P = 10 


Then, pitch cone radius (P.C.R.) = P.D. -i- (2 X sin P.C. ang.) 


P.C.R. 


4 

2 X sin 60“ 


2 

0.866 


= 2.309 in. (Ans.) 


Addendum = ^ = ^ = 0.10 in. 

Tangent addendum angle = Add. -f- P.C.R. = = 0.04331 

i&.oUU 

Addendum angle = 2° 29' (Ans.) 

Angular addendum = cos P.C. ang. X Add. 

Ang. add. = cos 60® X 0.10 = 0.50 X 0.10 = 0.050 in. 
Outside diameter = Ang, add. X 2 + P.D. 

O.D. = 0.05 X 2 + 4 = 4.10 in. (Ans.) 


Illustkation: What is the whole depth of tooth at the small 
end of a bevel gear with 30 teeth, 6 pitch and a pitch cone angle 
of 54 degrees and a width of face of 1 inch? 

Since all of the dimensions of a gear tooth (except width of 
face) gradually decrease until they are zero at the intersection 
of the centerline axes, we can best solve this problem by finding 
the whole depth at the large end of the tooth and multiplying 

this by q (See Fig. 49.) 

2.157 2.157 

Whole depth at large end = " ^ ^ — 0.3595 in. 

AT 30 ,. 

Pitch diameter = — = — = 5 m. 
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Pitch cone radius = 

P.C.R. = 


P.D. 


2 X sin P.C. ang. 2 X sin 64® 
^ 3.09 


2 X 0.809 
P.C.R. - B = 3.09 - l‘= 2.09 

2 09 

Then, whole depth at small end = 0.8595 X — = 0.2432 in. 

3.09 


(Ans.) 


Illustration: A pair of 2-pitch bevel gears with shafts at 90 
degrees have a velocity ratio of 2i to 1 and the pinion has 24 
teeth. What is the face angle, pitch cone angle and cutting angle 
of the larger gear? 

Np = 24 teeth 

then, ATg = 2| X 24 = 60 teeth 


Tangent pitch cone angle of gear = ^ ~ ^ ~ 
Pitch cone angle =68° 12' (Ans.) 

Pitch diameter =-“ = — = 30 in. 

Jr 


Pitch cone radius = 


P.D. 


30 


2 X sin P.C. ang. 2 X sin 68° 12' 


P.C.R. 


30 

2 X 0.9285 


16.1551 


Addendum = 


1 ^ 

P 


1 

2 


0.50 


Tan Angle of Addendum 


Add. 

P.C.R. 


O.50 

16.1551 


= 0.03095 
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Angle of Addendum = 1® 46' 

Face angle = 90® — (P.C. ang. + Add. ang.) = 90® 
- (68® 12' + 1" 46') 

Face angle = 90® - 69® 58' = 20® 2' (Ans.) 

Add. angle = Ded. angle 

Then, Cutting angle = P.C. ang. — Add. ang. = 68® 12' — 1® 46' 
= 66® 26' (Ans.) 


Characteristics of Worms and Worm Wheels. —The worm 
wheel or gear is similar to a spiral spur gear. It usually has a 
concave face and the tooth spaces are concave and at an angle 
other than 90 degrees to the side of the gear. 





Worm 



Fia. 60. 


Worm Thread 


The linear pitch is the distance from the center of one tooth 
to the center of the next, measured on the pitch circle. The ratio 
between the linear pitch and the diameter of the worm is arbi¬ 
trary. It may be four times the circular pitch of a worm gear 
for single thread; five times the circular pitch of the worm gear 
for double thread; six times the circular pitch of the worm gear for 
triple thread. 

The lead sometimes differs from the pitch and it is the distance 
a tooth on the worm would advance in one revolution, or the dis^ 
tance the worm wheel advances in one complete turn of a worm. 
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Parts of the worm with reference to Fig. 60 are: 

A — Clearance 
B = Working depth of tooth 
C = Whole depth of tooth 
D = Outside diameter of worm , 

E =* Pitch diameter of worm 
F =* Angle of helix 
G = Linear pitch 
H = Lead 

I = Thickness of end of tool at bottom of space 
J = Half angle of tooth 
K — Root diameter of worm 
L = Addendum 
M = Dedendum 

Worm relations are: 

Lead = linear pitch X no. of separate threads on the worm 
Linear pitch = lead no. of separate threads on the worm 
Addendum = linear pitch X 0.3183 
Whole depth of thread = linear pitch X 0.6866 

Width of threading tool at end or width of bottom of space = 
linear pitch X 0.31 

O. D. = P.D. + (2 X Add.) 

P. D. = O.D. - (2 X Add.) 

P.D. = 2 X center distance — P.D. of gear 
Root diameter = O.D. — 2 X whole depth of tooth 

Cotangent of angle of worm tooth or gashing angle of wheel = 
P.D. X X -t- lead. 

Illustration: What is the root diameter of a worm whose 
outside diameter is 1| inches and whose linear pitch is 0.25 inch? 
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Whole depth of tooth = P X 0.6866 = 0.25 X 0.6866 = 0.17165 in. 
Root diameter = O.D. — 2 X whole depth 
Root diameter = 1.25 — 2 X 0-17165 = 0.9067 in. (Ans.) 

Illustration : What is the width of a thread tool at its cutting 
edge for a worm whose linear pitch is 0.215 inch? 

Width of thread tool = P X 0.31 = 0.215 X 0.31 = 0.06665 in. 

(Ans.) 


Illustration: What is the angle of worm tooth or gashing 
angle of wheel, if the outside diameter of the worm is If inches, 
the linear pitch is 0.60 inch and the screw is double thread? 

Addendum = P X 0.3183 = 0.60 X 0.3183 = 0.1910 in. 

P.D. = O.D. - (2 X Add.) = 1.75 - 2 X 0.1910 = 1.368 in. 
Lead = pitch X no. of separate threads 
Lead = 0.60 X 2 = 1.20 inches 


Cotangent of angle of worm == 


P.D. X TT 
lead 


1.368 X V 

1.20 



Cotangent = 3.5814 
Angle of worm = 15° 36' (Ans.) 

The following list indicates the mean¬ 
ing of the symbols used as dimensions in 
Fig. 51. 

A = O.D. of worm wheel 
B = Center distance of worm and worm 
wheel 

C — Angle of face 
D = Throat radius 
E = Pitch diameter 
F = Throat diameter 
G - Clearance 
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Worm wheel formulas are: 

P.D. = (no. of teeth in wheel X linear pitch of worm) -4- t 
Throat diameter = P.D. of worm wheel + 2 X Add. 

Radius of throat = f of O.D. of worm — (2 X Add. of worm) 
Center distance = (P.D. of worm + P.D. of wheel) - 5 - 2 

O.D. = (throat radius — throat radius X cosine § face 
angle) X 2 + throat diameter of wheel. 

Addendum of worm wheel = addendum of worm. 


Illustration : What is the pitch diamet^jr of worm wheel with 
48 teeth and a linear pitch of 0.350 inch? 


P.D. 

P.D. 


(no. teeth X linear pitch) - 4 - x 


48 X 0.350 
3.1416 


5.3475 in. (Ans.) 


Illustration: What is the radius of curvature of worm wheel 
throat if the pitch of the worm is 0.150 inch and the outside 
diameter is 1 inch? 

Addendum of worm =» hnear pitch X 0.3183 

Addendum =* 0.150 X 0.3183 = 0.04775 in. 

Then, radius of throat = | of O.D. of worm — (2 X Add. of worm) 
radius of throat = 5 X 1 — 2 X 0.04775 
radius of throat = 0.5000 — 0.0955 = 0.4045 in. (Ans.) 

Illustration: What is the outside diameter of a worm wheel 
whose face angle is 70 degrees, throat radius 0.500 inch, number of 
teeth 32 and linear pitch of worm 0.200 inch? 

Addendum = linear pitch X 0.3183 = 0.200 X 0.3183 
= 0.07366 in. 
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Pitch diameter of gear « 

Pitch dimneter = 

Throat diameter == 
Tliroat diameter = 
Throat diameter = 

Outside diameter, => 
diameter to 
sharp comers, 
Outside Diameter = 
Outside Diameter = 
Outside Diameter = 
Outside Diameter = 


(no. of teeth in wheel X linear pitch of 
worm) v 

32 X 0.200 6.4 __ 


P.D. of worm wheel + 2 X Add. 

2.0372 + 2 X 0.07366 
2.0372 + 0.1473 = 2.1845 in. 

(throat radius — throat radius X cosine 
of ^ face angle) X 2 + throat diame¬ 
ter of wheel. 

(0.5 - 0.5 X cos 35“) X 2 -f 2.1845 
(0.5 - 0.5 X 0.8192) X 2 -1- 2.1845 
(0.5000 - 0.4096) X 2 + 2.1845 
0.0904 X 2 -I- 2.1845 = 2.3653 in. (Ans.) 


Planing and Shaping 

Dovetail.—One of the problems of planing and shaping which 
lends itself to mathematical solution is the measurement of dove¬ 
tail slides. The dimensions of these are usually given as shown 
in Fig. 52, but it is difficult to make these measurements on the 
work with any great accuracy because the edges are not uniformly 



Fig. 52. 


sharp. Hie method used is to measure between rods of equal 
diameter in the case of the slot, as shown in Fig. 53, and over rods 
on its counterpart. 
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To obtain X and Y (Fig. 63) which are used in the practical 
measuring of dovetail slides, the following formulas may be used. 



Fio. £3. 

X = A- [DO- + cot U)] 

Y = jP(l 4* cot 1^) “f" H 

The best size of plug or rod to use is one whose diameter is two- 
thirds the depth of the slot. 

Illustration; What is the overall length in measuring a male 
dovetail, if the following data are given on the blue print: angle 
66°, width at bottom 2.956 inches, if plugs f inch in diameter are 
used? 


r = D(H- cot ^ 0.75(1 + cot 33°) + 2.956 

Y = 0.75(1 + 1.5399) + 2.956 = 4.861 in. (Ans.) 

Illustration: What is the distance between f inch plugs 
placed in a female dovetail which is cut to a 2.125 inch width at 
the bottom and has an included angle of 50 degrees? 

X = A - [Z)(l + cot i0)] = 2.125 - [0.625(1 + cot 25°)] 

X = 2.125 - [0.625(1 + 2.1445)] = 0.160 inch (Ans.) 

Grinding 

Finishing by Grinding.—Machine work is often turned or 
planed oversize by an amount of from 0.002 to 0.010 inch and the 
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excess removed by grinding. In the grinding operation, cuts of 
0.001 or less can easily be made and the result is a finish of greater 
smoothness and accuracy than can readily be obtained with a 
cutting tool. Wheels of emery or silicon carbide are most com¬ 
monly used in finishing metal work. 

Speed of Grinding Wheel.—Grinding wheels do good work at 
surface speeds of 5000 to 6000 feet per minute. The surface 
speed depends on the speed of revolution and the diameter of the 
wheel. 

The following formulas may be used to find the surface speed 
in feet per minute of a wheel. 

vRD 

Surface speed 
Revolutions per minute 
Diameter in inches 
3} or 3.14 

Illustration: What is the surface speed of a 9-inch grinding 
wheel revolving at a speed of 2500 revolutions per minute? 


S = 

S = 
R = 
D = 


S = 


tRD 

~W 

22 X 2500 X 9 
7 X 12 


5893 feet per minute. 


If a certain surface speed of a given wheel is desired, to find the 
number of revolutions of the wheel spindle, 
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Illustration: A surface speed of 5500 feet per minute is 
desired from an 18 inch grinding wheel. How many revolutions 
per minute should it turn? 



5500 X 12 
3.14 X 18 


= 1168 revolutions per minute 


(Ans.) 


Table 16 gives the necessary revoluti ons per minute for obtain*^ 
ing certain surface speeds from wheels of various diameters. 


TABLE 16 

Grinding Wheel Speeds 


Diameter 
of wheel, 
inches 

Revolutions 
per minute 
for surface 
speed of 
4000 feet 

1 

Revolutions 
per minute 
for surface 
speed of 
5000 feet 

i Revolutions 
per minute 
for surface 
speed of 
6000 feet 

1 

15,279 

19,099 

22,918 

2 

7,639 

9,649 

11,459 

3 

5,093 

6,366 

7,639 

4 

3,820 

4,775 

6,730 

5 

3,056 

3,820 

4,584 

6 

2,546 

3,183 

3,820 

7 

2,183 

2,728 

3,274 

8 

1,910 

2,387 

2,865 

10 

1,528 

1,910 

2,292 

12 

1,273 

1,592 

1,910 

14 

1,091 

1,364 

1,637 

16 

955 

1,194 

1,432 

18 

849 

1,061 

1,273 

20 

764 

955 

1,146 

22 

694 

868 

1,042 

24 

637 

796 

955 

30 

509 

637 

764 

36 

424 

631 

637 


The revolutions per minute at which wheels are run is dependent on condi* 
tions and style of machine and the work to be ground. 
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Pits 

Types of Fits.—In the mating of two parts of a machine, the 
perfection of the mating is called the fit. Sometimes the pieces 
are assembled so that there may be motion between them, as, for 
instance, a shaft in a bearing or an engine crosshead in its frame. 
In other cases two parts may be assembled so that they can act 
only in unison, as a flywheel on a shaft or a tire on a locomotive 
wheel. 

Fits may be classified broadly as running JUs, wringing fits, 
pressed fiis and shrinking fits. 

Running Fit.—To make a running fit, like a bearing, an allow¬ 
ance may be made of about two thousandths of an inch for a shaft 
one inch in diameter, and one thousandth more for each inch the 
shaft is increased in diameter. 

If D = diameter of the hole in inches and d = diameter of the 
shaft, then, d = D - [(D - 1) X 0.001 + 0.002] 

IiiLUSTKATiON: A shaft is to run in a self-aligning and self- 
oiling bearing 6 inches in diameter. What should be the diameter 
of the shaft? 

d = D- [(D - 1) X 0.001 + 0.002] = 6 - (5 X 0.001 + 0.002) 
d = 5.9975 inches (Ans.) 

Wringing Fit.—In a fit of this type, the shaft is made the same 
size as the hole into which it is to fit. 

Pressed Fit.—The force required to press a shaft into a hole 
made for a press fit will depend not only on the allowance made 
on the fit, but also on the kind of material, the length of the fit, the 
finish, etc. Press fits are frequently made so that a pressure of 
from 5 to 10 tons per inch diameter is required to force the 
shaft into its hole. 

When the length of the fit is from two to three times its diame¬ 
ter, and the finish is good and smooth, an allowance of three- 
quarters to one and one-quarter of a thousandth of an inch may 
do well for pressing a one-inch shaft of machinery steel into a hole 
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In cast iron or machinery steel, and as the shaft increases in sizOi 
the allowance may be increased about half of one-thousandth for 
each inch the shaft is increased in diameter. There is no hard 
and fast rule for maidng these allowances; judgment and experi¬ 
ence alone will dictate what modifications to make. 

Setting up the above rule in equation fonn with average values 
when D = diameter of hole in inches and d = diameter of shaft, 
we get 

d = Z) + [(Z) - 1) X 0.0005 + 0.001] 

Illustration: A shaft is to be turned for a press fit into a 
3-inch hole. To what diameter should it be turned? 

d = D + [(D - 1) X 0.0005 + 0.001] == 3 + [2 X 0.0005 + 0.001] 
d = 3 + 0.002 = 3.002 in. (Ans.) 

Shrinking Fit.—The allowance to be made for a shrinking fit 
will vary more or less according to the nature of work and the 
judgment of the designer. 

When shrinking a collar on a shaft or similar work, an allow¬ 
ance of 0.002 inch to 0,003 inch will do for a shaft of one inch 
diameter, and as the shaft increases in diameter add 0.0005 inch 
to the allowance for each inch the diameter is increased. 

d = 2) + [(i> - 1) X 0.0005 + 0.0025] 

Illustration: A shaft is to have a collar shrunk onto it with 
a 7-inch hole. What should be the diameter of the shaft? 

d=Z)+[(Z)~ 1) XO.0005+0.0025] = 7+1(7-1) XO.0005+0.0026] 

d=7+0.0030+0.0025 = 7.0055 in. (Ans.) 

References.— Industrial Mathematics by P. V. Farnsworth, 
Machinists and Draftsmen's Handbook by P. Lobben, and The 
Founder’s Manual by D. W. Payne, all published by the D. Van Nos¬ 
trand Company, contain much valuable information on the subject dealt 
with in this chapter. 
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AUTOMOBILE SHOP WORE 

An automobile is a very specialized piece of machinery. While 
simple repairs can often be made by simply substituting a new 
part, supplied by the factory, for a broken or worn-out part, no 
man can lay claim to being an expert automobile mechanic without 
understanding thoroughly how the various parts function with 
regard to each other. 

There are distinct mathematical relationships governing the 
transmission of speed and power from one part of an automobile 
and its engine to another. This section explains these relation¬ 
ships and offers numerous problems showing how the unknown 
quantities can be determined. It also contains a very pertinent 
and practical division on the proper charging and testing of storage 
batteries. 

Speeds of Pulleys and Gears.—The few simple rules relating 
to the speeds of pulleys and gears are of utmost importance to the 
automobile mechanic. When the speed of one of two pulleys 
coimected by a belt is known, the speed of the other may be 
found by the following rule: 

Diameters of 'pulleys are irwersely proportional to their speed. 

Where D = diameter of driver, 
d = diameter of driven, 

B = speed of driver, 
r = speed of driven, 

the rule may be expressed as a proportion as follows: 

^ = I 

d B 
618 
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IiiLusTBATiON: A fan belt is driven from a pulley on the 
generator shaft which is 4 inches in diameter. What is the speed 
of the fan if the fan pulley is 2 inches in diameter and the gener¬ 
ator shaft turns at a speed of 1000 revolutions per minute (rpm). 

D r DR 


d 


r = 


. T = 

R d 

4 X 1000 


= 2000 rpm (Ans.) 


A similar rule applies to the speed of gears: 

The speed of gears is inversely proportional to their nunAeP 
of teeth. 


Where D = number of teeth of driver, 
d = number of teeth of driven, 
R = speed of driver, 
r = speed of driven, 


the rule may be stated rv 

U T 

I'^R 




Illustration: A crankshaft gear with 24 teeth drives a 
shaft gear with 48 teeth. What is the speed of the cam whaQ 
when the engine is running at a speed of 1200 rpm? 

DR 24 X 1200 


48 


600 rpm (Ans.) 
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These rules when applied to pulley trains become: 

rpm of last-driven pulley 
rpm of first driving pulley 

product of diameters of all driving pulleys 
product of diameters of all driven pulleys 


Illustration: What is the speed of the lathe in Fig. 37 



r 4X18X7 
1000 22 X 14 X 8i 

_r_^ 

1000 ■ 2618 


504 X 1000 , 

r = —rrr::— = 192.5 rpm 


2618 
In a gear train: 

rpm of last-driven gear 
rpm of first-driving gear 


(Ans.) 


product of no. of teeth of driving gears 
product of no. of teeth of driven gears 


Illustration: Fig. 4 shows a three-speed selective type of 
transmission. With the engine turning 1240 rpm, what is the 
speed of the propeller shaft when the gears are in second speed? 
(The 24 T gears mesh for second speed.) 


r 16 X 24 
1240 " 32 X 24 

16 X 24 X 1240 
“ 32 X 24 


620 rpm (Ans.) 


lUiUSTRATiON: What is the speed of the rear axle drive shaft 
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in Fig. 4 when the engine is turning 800 rpm and the g^ars are in 
first speed? (The 17 T and 31T gears mesh in first speed.) 

f ^ 16 X 17 X 10 
800 “ 32 X 31 X 65 


800 X 16 X 17 X,10 
32X31 X65 


== 39.9 rpm (Ans.) 


Rear Axle Ratios.—^The 
rear axle ratio expresses the 
number of turns which a pro¬ 
peller shaft makes for each 
turn of the rear axle shaft. 

To find the rear axle ratio, 
divide the number of teeth on 
the differential gear by the 
number of teeth on the drive 
opinion. 

Illustration: In Fig. 4 
there are 65 teeth on the 
differential gear and 10 on 
the drive pinion. What is 
the rear axle ratio? 

Differential gear 657 _ ^ g 
Drive pinion lOT 

The rear axle ratio is 
in this case expressed, 5.5 :1 
(Ans.) 



This means that the propeller or drive shaft makes 5.5 revolutions 
for each revolution of the rear axle drive shaft. 

Transmission Ratios.—The transmission ratio expresses the 
number of revolutions which an engine shaft makes for each revolu¬ 
tion of the propeller or drive shaft. 

To find the tranemiesion ratio, divide the product of the number 
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of teeth of the driven gears by the product of the number of teeth of the 
driving gears. 


Illustration: What is the transmission ratio for second speed 
in the gears shown in Fig. 5? 


Transmission ratio == 


36X25 
18 X 29 


1.72 

1 


(Ans.) 


This means that in second speed, the engine shaft makes 
1.72 revolutions for each revolution of the drive shaft. 


Illustration: What is the transmission ratio for first speed 
in the same gears? 

36 X 33 ^ 3.1A 
18 X 21 “ 1 


Transmission ratio = 


(Ans.) 


The transmission ratio for third or high speed is 1 to 1 since 
the power is then transmitted directly 
from the engine shaft to the propeller 
shaft without the use of gears. 

Total Gear Reduction.—The total 
gear reduction is the ratio of the engine 
revolutions to the axle shaft revolutions. 

To find the total gear reduction divide 
the total number of teeth on driven gears 
{both transmission and differential) by 
the total number of teeth on driving gears 
{both transmission and pinion). 

If the transmission ratios and the axle 
ratios have already been determined, 
The total gear reduction is the product 
of the transmission ratio and the rear axle 
ratio. 

Relation of Engine Speed to Vehicle Speed.—The speed of an 
automobile in miles per hour, mph, can be determined from its 
engine speed by the following formula: 


asT. 


29 T. 


21 T. 



-18 T. 


25 T. 


33 T. 


Fig. 6. 
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,rt.. , j. u RXTiXDXxXeO 

Vehicular speed in mph •= -—- 

^ ^ T 2 XI 2 X 6280 

when R = speed of engine in rpm 

Ti = product of number of teeth on driving gears 
Tz — productof number of teeth on driven gears 
D = over-all diameter of well-inflated tire in inches 
60 = minutes in one hour 
12 = inches in a foot 
5280 = feet in a mile 


The constants may be reduced to one figure as follows: 


IT X 60 
12 X 5280 


g 

3.1416 X 6Cf 
i2rx528(r 
1056 


= 0.00297 


The formula then becomes: 


Vehicular speed in mph = 0.00297 X 


RXTiXD 

Tz 


Illustration: If the engine in the vehicle shown in Fig. 6 it 
running at a speed of 1800 rpm, what is the speed of the car in 
miles per hour? 


Speed of car 


0.00297 X 


1800 X (15 X 23 X .HQ X gfif 
.36 X 22 X 

4 


= 0.00297 X 


1800 X 345 
88 


0.00297 X 7056.8 = 20.96 mph (Ans.) 

Illustration: If, in Fig. 6, the tires are soft so that tht 
distance from the center of the hub cap to a level pavement 
measures only 14 inches, what will the speed then be, other 
factors remaining constant? 

The virtual diameter of the tire is now 2 X 14 = 28 inches 
instead of 30 inches. The speed will be reduced in proportion to 
these figures. Therefore, speed = 20.96 X if = 19.56 mph (Ans.) 
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^[aition.—The fundamental laws of electricity apply to an 
automobile in the same manner that they apply to a telephone or 

an electric motor. These laws are 

[ dealt with fully in the section on elec- 
I i tricity (pages 531 to 642) and should 

fol '' possibly be reviewed to insure a oom- 

^ O plete understanding of the following 

^ pages. 

Storage Batteries.—The lead 
so w T. storage battery is the principal unit 

-sar. of ao automobile ignition system, 

mi It consists of two or more cells con- 

^ nected to each other in a hard rubber 

or wooden case. Each cell consists 
of a hard rubber jar with two sets 
O isT. fit of plates which form the electrodes. 

I i The liquid in the jar called the 

~ jl i dectrolyte, is sulphuric acid (H2SO4) 

KJ *ST, Lj and water. 

Fig. 6. When a storage battery is run 

down or discharged, the plates and 
the solution can be restored by passing a current through the 
cell in the direction opposite that of the discharging current. 

Terminal ^ _iu. 

Ventcaps 
CeUtop-, 


separator 


Fig. 6. 




Spaces for 


Bridge 


Electricity is not actually stored by this means, but chemical 
energy capable of generating an electric current is stored. 
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When a lead storage cell has a full charge, the plate which forms 
the positive terminal is lead peroxide and the plate which forms the 
negative terminal is lead. The lead peroxide is made into a paste 
by mixing it with sulfuric acid and the lead in the negative plate is 
spongy to facilitate the chemical action. Neither'«f these sub¬ 
stances are hard enough to be made ii^to plates so they are pressed 
into the gridwork of cast lead plates as shown in Fig. 8. 

When current is being drawn from a storage cell, the sulphuric 
acid (H 2 SO 4 ) breaks up into its component parts of ions of H+s 
and SO~ 4 . The SO 4 goes to the lead plate giving it a negative 
charge and combining with the lead to form lead sulphate. 
The hydrogen goes to the lead peroxide plate giving it a positive 



Fig. 8.—Plates of a Storage Battery. A Separator is Shown in the Centor. 

charge and combining with the oxygen of the hydrogen peroxide 
to form water (H 2 O). 

It is obvious that as the discharging process continues, the 
electrolyte increases its proportion of water and decreases its pro¬ 
portion of sulphuric acid. It is possible to take advantage of this 
to measure the strength of a cell because sulphuric acid is heavier 
than water. 

Specific Gravity.—Sulphuric acid is 1.835 times as heavy as 
water. This ratio is called the specific gravity of sulphuric add. 
The specific gravity of any substance is the ratio of its wdght to the 
weight of an equal volume of water at 39.1 degrees Fahrenheit. 

Any floating object displaces its own weight of the fluid in 
which it floats. This prindple is emplo 3 red in the instrument 
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known as the hydrometer (Fig. 9). It consists of a sealed glass tube 
weighted at one end wd having a graduated scale in the other end. 
When this tube is floated in water it wiU sink to a certain depth. 
When it is floated in a liquid heaAder than water, such as sulphuric 
acid, it will displace its own weight without sinking so deeply into 
the liquid. The scale, which is read at the level of 
the liquid on the tube, can be calibrated to give the 
specific gravity directly. 

The electrolyte of a storage cell is a mixture of 
water and sulphuric acid; so its specific gravity can 
be expected to be something between 1.000 and 1.835. 
In a fully charged cell for automobile ignition the 
specific gravity of the electrolyte should not exceed 
1.300, in a cell for radio work, the reading should 
not exceed 1.280. Liquids generally expand with an 
increase in temperature and are therefore less dense. 
For practical purposes 70® F. has been set as the 
standard temperature for the comparison of specific 
gravities of storage battery electrolytes. 

When the temperature of an electrolyte is greater than 
70° F. add one point to the fourth figure of the measured specific 
gravity for each S° above 70° to obtain the actual specific gravity. 



Sio. 9.— 
Hydrometer. 


iLLUSTaanoN: The temperature of an electrolyte is 94® F. and 
the hydrometer reading is 1.280. What is the correct specific 
gravity? 

94® - 70® = 24®. ^ = 8 


Therefore, the actual specific gravity is 

1.280 + 0.008 = 1.288 (Ans.) 

Similarly, when the electrolyte is colder than 70®, subtract one 
point from the fourth place of the measured specific gravity for 
each 3® below 70® to obtain the actual specific gravity. 

Illustration: The temperature of an electrolyte is 40® and 
the hydrometer reading is 1.270. What is the actual specific 
gravity? . 

70® - 40® = 30®. ^ ■= 10. 
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The actual specific gravity is 

1.270 - 0.010 = 1.260 (Ans.) 

The readings of the hydrometer show the condition of the bat¬ 
tery in accordance with the following table: 


Reading 

Condition 

1.280-1.300 

Full charge 

1.250 

% Discharged 

1.215 

Discharged 

1.180 

% Discharged 

1.150 

Discharged 


Rating of Storage Batteries.—Storage batteries are rated in 
ampere-hours. A current of one ampere flowing for one hour 
is an ampere-hour. Batteries are rated on the basis of the current 
which they can deliver continuously for a period of 8 hours. In 
other words, a 120-ampere-hour battery will deliver 15 amperes 
of current for eight hours. It will not, however, deliver 120 
amperes for one hour or 60 amperes for two hours. The ampere- 
hour life of a battery is governed by the rate at which it is dis¬ 
charged. If it is permitted to discharge at a very low rate its 
total ampere-hours of life will probably exceed its rated capacity. 
If, however, a heavy demand for current is placed upon it, such 
as when operating an automobile-engine starting motor, its life 
will be very short if the period of the demand is for any considerable 
length of time. 

Starting batteries for automobiles have rated capacities from 
80 to 160 ampere-hours. 


Illustration: A starting motor draws 90 amperes of current 
for 10 seconds. What are the ampere-hours needed for starting? 


10 seconds = 


10 

60 X 60 



Current used = = J ampere-hour (Ans.) 
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Illustration: A battery delivers 5 amperes of current for 22 
hours. What is its capacity? 

Capacity = 5 X 22 = 110 ampere-hours (Ans.) 

Storage Battery Voltage.—^The voltage-of a lead storage cell 
when fully charged is about 2.2 volts. During discharge it will 
give current at a nearly constant pressure of 2 volts. The dif¬ 
ference is lost in internal resistance. 

Illustration: What voltage will a cell give when discharging 
15 amperes of current if its internal resistance is 0.013 ohm and 
its open circuit electromotive force 2.195 volts? 

Volts required to send 15 amperes through a resistance of 
0.013 ohm = 15 X 0.013 = 0.195. 

Terminal voltage = 2.195 — 0.195 = 2.000 volts. 

Storage cells are connected in series to give batteries which will 
give higher voltage than a single cell. Three separate cells are 
commonly made with only one jar, which is provided with parti¬ 
tions that divide it into three separate compartments. The three¬ 
cell six-volt battery is the most common in automotive use. 

Charging Storage Batteries.—A storage battery may be 
charged by connecting the positive wire of a direct-current 110- 
volt circuit to the positive terminal of the battery and the negative 
wire to the negative terminal, provided that suitable resistances 
are placed in the circuit to reduce the voltage and control the 
chargin g rate. A 6-ampere rate is satisfactory for small batteries 
and a 10-ampere rate for 100-ampere-hour batteries. 

Illustration: A 3-cell battery is to be charged at a 10-ampere 
rate with a charging voltage of 2.5 volts per cell. What resistance 
will be required if the battery is being charged from a 110-volt line? 

Total charging voltage of battery = 3 X 2.5 = 7.5 volts. 

Voltage through external resistances = 110 — 7.5 = 102.5 
volts. Then, by Ohm’s law 

R « = 10.25 ohms resistance required (Ans.) 
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The resistance for charging may be obtained from carbon fila* 
ment lamps or other resistance units. If direct current is not 
available, the alternating current must be converted by use of 
mercury-arc, chemical or mechanical rectifiers, rotary converters, 
or motor-generator sets. ' 

Computing Horsepower*—S.A.£i Rating.—^The horsepower 
rating of an automobile engine may be computed by an empirical 
formula originally'adopted by the American Licensed Automobile 
Manufacturers (A.L.A.M.) but now universally referred to as the 
S.A.E. (Society of Automotive Engineers) Formula. This formula 
is standard for 4-cycle single-acting engines at a piston speed of 
1000 feet per minute. 

The formula is: 

D^XN 

when D — diameter or bore of the cylinder in inches 
N = number of cylinders 


Illustkation: A 4-cylinder engine has a 4J-inch bore. What 
is its horsepower rating by the S.A.E. Formula? 


Rating = 


D^XN 

2.5 


4i X 4i X 4 
2.5 


72.25 

2.5 


28.9 horsepower (Ans.) 


Illustration: An 8-cylinder engine has a 3-inch bore to its 
cylinders. What is its S.A.E. horsepower rating? 

Rating = ——-— =---= iTs ~ horsepower (Ans.) 

2.5 2.5 2.5 

The S.A.E. Formula is widely used to rate automobile engines 
as a basis for taxation but the actual horsepower obtained by test 
may vary considerably from the figure obtained. 

* For a definition of horsepower see page 698. 
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Indicated Horsepower.—The power developed by the expan¬ 
sion of the gases in the cylinders of an automobile engine is called 
the indicated horsepower. The indicated horsepower can be cal¬ 
culated from the following formula: 


ihp = 


PLAN 

33,000 


when P = mean effective pressure of the exploded gases in the 
cylinder in pounds per square inch 
L = length of the stroke in feet 
A == area of the cylinder in square inches 
N = number of power strokes per minute 

The factor P ’’ must be obtained from an indicator diagram by 
a similar procedure to that used in determining the mean effective 
pressure of the gases in a steam cylinder. The mean effective 
pressure in an automobile engine is between 90 and 120 pounds 
per square inch. 

In a four-cycle engine an explosion takes place on alternate 
down strokes of each piston. This means that the crankshaft 
makes two revolutions for each power stroke. Then, if we are 
considering a four-cylinder four-cycle engine there will be 4 X ^ = 
2 power strokes per revolution. In an eight-cylinder engine there 
there will be 4 power strokes per revolution, etc. 


Illustration: What is the indicated horsepower of a four- 
cylinder four-cycle automobile engine with 4-inch diameter 
cylinders and 4-inch' stroke, when the engine is turning 
over at a speed of 1200 revolutions per minute and the mean 
effective pressure is 99 pounds per square inch? 


1200 rpm in 4-cylinder, 4-cycle engine = 

2400 power strokes pei minute 

' ^ PLAN _ 99 X A X jx X 4 X 4 X 2400 

^ 33,000 .^^onn 


33,000 


99 X 4 X 4 X 4 X 2400 ^ ^ 
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Brake Horsepower.—Only a portion of the indicated horse¬ 
power of an automobile engine is available for the propulsion of the 
car. A certain amount of power is lost in friction and in operating 
the timing gears, valves, and other necessary auxiliaries. The 
useful power which remains, only 70% to 85% of the indicated 
horsepower, is known as the actual, effective, or brake horsepower. 

The determination of the brake horsepower of an engine 
requires a certain amount of laboratory equipment. Apparatus 
is necessary for applying a loa-d to the engine to be tested, for 
varying and controlling this load, and for measuring the power. 
The types of loading devices or brakes fall into three general 
classifications: (1) the prony brake by which the load is applied 
as friction and is measured with the aid of a scale, (2) hydraulic 


\ 



brakes by which the work done on the liquid can be measured, 
and (3) the electric dynamometer in which the load applied is the 
resistance to the generation of an electric current and the work 
is measured in electrical units. 

A prony brake test on an engine is comparatively simple. The 
engine is mounted on a secure pedestal and a twelve- or fourteen- 
inch pulley is attached to one end of the crankshaft. A frame 
having one side extended to form an arm is so fitted to this pulley 
that by tightening the bolts of the frame, the pulley ijs gripped 
more and more tightly (see Fig. 10). The extremity of the arm, 
which is five or six feet long, is permitted to bear on the. center of 
a platform scale which is exactly on a level with the center of the 
crankshaft of the engine. The weight of the beam on the scale 
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is read. This represents the tore and must be subtracted from 
subsequent scale readings. 

To start the test, the engine is first permitted to warm up. 
Then the throttie is gradually opened and a sufiBident friction load 
put on by tightening the screws to prevent-the engine from racing. 
When the throttle has been opened to the full position, the screws 
are further tightened till the engine shaft revolves uniformly at a 
speed of 1000 revolutions per minute. The pressure exerted by 
the arm on the scale pan is then read and this completes the test. 

The pressure on the scale pan represents the tendency of the 
arm to turn about the crankshaft. This turning tendency is 
called torque and is measured in foot-pounds. Its magnitude is 
obtained by multiplsdng the length of the arm in feet by the 
weight on the scale in pounds. 

T = IT XE 

where T = torque in foot-pounds 
W — weight in pounds 
B ^ length of the arm in feet 

lUitrsTEATioN: What is the torque if the arm of a prony brake 
is 6 feet long and the net weight registered on the scale during 
test is 25 pounds? 


!r = WXE = 25 X 6 = 150foot-pounds (Ans.) 


For a given speed and throttle the torque of an engine is 
constant, so that if the arm in the above illustration had been 
25 feet long, the scale reading would have been only 6 pounds 
and the torque would still have been 150 foot-pounds. Torque 
or the tendency to turn is sometimes called turning moment or 
simply momerd. 

The brake horsepotoer may be calculated from the data obtained 
by the test by the following formula: 


Brake horsepower (bhp) 


TX2XirXN 

33,000 


when T ■= torque in foot-pounds 

N =• revolutions of the engine shaft in rpm 
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IiiLtTSTRATiON: An engine on test with a prony brake registers 
a net weight of 25 pounds on a scale. The length of the torque 
arm is 6 feet and the speed of the engine crankshaft 1000 rpm. 
What is the brake horsepower? 


r = W X R = 25 X 6 = 150 foot-pounds 

» . 


bhp = 


TX2XirXN 

33,000 


150 X 2 X X 1000 
33,000 


= 28.6 bhp (Ans.) 


The hydraulic brake, the invention of W. Froude, is chiefly 
used in the testing of marine engines. 



Fio. 11.—Layout of Testing Stand. 


The electric dynamometer has been developed into a testing 
apparatus of great accuracy and flexibility for automobile engines. 
The engine is coupled to an electric generator, as shown in Fig. 11 
and the current generated can be measured very accurately under 
various engine-operating conditions. Among the characteristics 
which can be determined with this apparatus are, engine power, 
mechanical efGiciency, carburetor and manifold characteristicsi 
effect of sir temperatures, combustion, etc. 
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Mechanical Efficiency.—The mechanical efficiency of any 
piece of machinery or equipment is the ratio of the energy output 
to the energy input. As applied to automobile engines, it is the 
ratio of the brake horsepower to the indicated horsepower. 

Mech. eff. = ^ 
ihp 


Illustration: What is the mechanical efficiency of an engine 
whose indicated horsepowei is 32 and whose brake horsepower is 


24? 


Mech. eff. 


bhp _ 24 _ , 
ihp 32 


Therefore the mechanical efficiency is 75% (Ans.) 


Thermal Efficiency.—The ratio of the mechanical energy out¬ 
put of a gasoline engine to the fuel energy input, as measured 
in heat units, is called thermal efficiency of an engine. The thermal 
efficiency of few automobile engines ever exceeds 20% and the 
efficiency of the average car when carelessly operated may be as 
low as but a few percent, depending on its size and weight. 

Figure 12 is a diagram showing the dispersion of energy from 
fuel as it passes through the engine of a high-class touring car 
traveling at a speed of 40 miles per hour on direct drive. It will 
be noticed that about 70% of the total fuel value is lost by radia¬ 
tion from the exhaust gases and through the cooling system. 
The loss due to engine friction will vary with the design, condition, 
and temperature of the engine and the viscosity of the lubricating 
oil. The point marked “Engine, Full Power” represents the 
amount of energy available for useful work. It is consumed as 
shown in the diagram. 

The unit of heat which is used in the determination of thermal 
efficiency is the British Thermal Unit (Btu) and 1 Btu is equal to 
778 foot-pounds of .work. (See page 549.) The heat value of 
gasoline varies from 18,000 to 20,000 Btu per pound. 19,500 is a 
good average figure. One pound of gasoline is about 0.357 quart. 

If an automobile engine in a dynamometer test develops an 
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output of 2,500,000 foot-pounds of work during the consumption 
of one pound of gasoline, the heat equivalent of this work wU be: 


2,500,000 


= 3,213 Btu 


£ngin«, Full Power 
20.8 % 


Power of Car 
12.5 


Bxoeee Power for 
Acoeleratlon, Hllle, 
eto., 5.4 ^ 



Loasea by 
(Percentage} 


Cooling WaUr 


■ Sxhauet 6ae, 
Direct Radiation 
35.8 96 


Exhauet Ptpea 
1.0 ib 

Muffler 

1.2 

Engine Frhtlen 
5 . 8 % 

Tranemieelon 

Friction 

2.9% 

Rear Thee 
3.7% 

Front Thee 
1 . 1 % 

Front Wheele 
0 . 6 % 

Ah Reeletanoe 
7.1% 


Fig. 12.—Energy Diagram. 


The thermal efficiency will then be the engine output in terms 
of heat units divided by the fuel input in heat units. 


Eff. = 


Output 

Input 


Eff. » = .165 or 16i% (Ans.) 

19,50U 
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Piston Displacement.—^The volume displaced by one stroke 
of a piston is called the piston displacement. It is equal to the 
product of the cross-sectional area of the [cylinder and the 
length of the stroke. 

Piston displacement = X v X L 

when D = diameter of the cylinder in inches 
L — length of stroke in inches 

This formula gives the piston displacement of one piston in terms 
of cubic inches. 

Illustration: A cylinder has a bore of 4 inches and its piston 
a stroke of 4i inches. What is the piston displacement? 

Piston displacement = XvXL = JX4X4XirX 4.25 

= 17ir = 53.4 cu. in. (Ans.) 

Illustration: An eight-cylinder engine has pistons with a 
bore of 3 inches and strokes of 3| inches. What is its total piston 
displacement? 

Piston displacement = 8 X X ir X L 

=8XjX3X3XjrX 3.75 

Pd = 67.5jr = 212 cu. in. (Ans.) 

Valve Timing.—The poppet type valve is generally used on 
automobile engines. These are opened by the intermittent motion 
of a cam and are closed by a strong spring. The time of opening 
and closing of the valves has an important bearing on the 
efficiency of the engine. Backfiring results if the valves open 
too early; a sluggish engine and overheating results if valves 
open too late. 

Valve timing relates to the points at which valves should open 
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and close to give the best performance. These points vary with 
the different makes of cars, the average being shown by Fig. 15. 
Although manufacturers place marks on the cam gears to indicate 
the proper meshing points, the 
flywheel may be used not only 
for setting valves but also for 
checking the timing. 

Usually a mark is placed on 
the flywheel to indicate when 
the piston is at the top. In the 
case of a four cylinder engine 
the mark is inscribed as D C 
1-4, meaning, dead center is up 
with cylinders 1 and 4 being at 
the top. Because timing is 
given in a number of degrees 
from top and bottom center it 
into degrees or find the number of degrees represented by dis¬ 
tances measured in inches on the edge of the flywheel. 

To convert inches into degrees, divide 360® by the circumfer¬ 
ence of the flywheel in inches. The quotient is the number of 
degrees represented by one inch. 

Illustration: Find the number of degrees represented by 
2 inches on the circumference of a 60-inch flywheel. 

^ = 6 6 X 2 = 12° (Ans.) 

Illustration: Find the distance on the circumference of a 
17-inch flywheel that will represent 10°. 

17 X 3.1416 = 53.407" circumference 
360 -4- 53.407 = 6.7 

10 -5- 6.7 = 1.49 or Ifi inches. (Ans.) 



is necessary to convert inches 
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Springs.—Springs used to support the chassis of an automobile 
on its running gear are elliptical or laminated springs made up of 
flat leaves or plates of uniformly varying length placed one upon 
the other and held together by bolts and clips. These springs 
may be classified into four groups dependingmpon the combination 
of groups of leaves and the method of supporting the load. They 
are full-elliptical, three-quarteivelliptical, semi-elliptical, and 
cantilever. 



Full Elliptic. Half Elliptic. Cantilever. 

Fiq. 14.—Springs. 


The maximum carrying capacity of a spring of this type can 
be calculated from the following formula: 

2/n6<2 

3 L 

when W = maximum carrying capacity in pounds 

/ = fiber strength of steel in pounds per square inch 
(80,000 Ib/sq in. for ordinary spring steel) 
n = number of leaves in half-elliptical spring or one-half 
of total number of leaves in full-elliptical spring 
b = width of leaves in inches 
t = thickness of leaves in inches 


Illustration: What is the safe carrying capacity of a semi- 
elliptical spring 2 inches wide, j inch thick, ten leaves, and 40-inch 
span? 


2fnbt^ 2 X 80,000 X 10 X 2 X 0.25 X 0.25 

3X40 
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Illustration: A full-elliptical spring has 12 leaves, 2 inches 
wide, 0.266 inch thick, and an effective span of 32 inches. What 
is its maximum carrying capacity? 

2fnU^ 2 X 80,000 X 6 X 2 X 0.266 X 0.266 
3 L 3 X 32 

W = = 1,415 lb. (Ans.) 

The maximum deflections of spring.s can be computed from the 
formulas below, wherein the following new factors are introduced: 

D — deflection in inches 

E = modulus of elasticity of the steel (30,000,000 may be 
used as average) 

r = ratio of number of full-length leaves to total number of 
leaves 


For full-elliptical springs. 


1 /L2 

2 ><^ 


Illustration: A full-elliptical spring has leaves J inch thick 
and has an effective span of 30 inches. What is its maximum 
deflection? 


1 /L» 1 80,000 X 30 X 30 6 

2 ^ E! 2 ^ 30,000,000 X 0.25 1.25 ' ' ^ ' 

For full-elliptical springs with more than one full leaf, 

1 

^ 2+ El 


Illustration: A full-elliptical spring has an effective span of 
34 inches, a total of 12|-inch leaves and four of them full length. 
What is its maximum deflection? 
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In this case, r = A- Then 

1 JL^ 1 , 80,000 X 34 X 34 

~ 2 +Et “2 + A^ 30,000,000 X 0.25 

^ 1156 . 

D = = 5.28 m. (Ans.) 


For semi-elliptical springs 
D = 


Et 


Illustration: A semi-elliptical spring has an effective span of 
40 inches and leaves 0.30 inch in thickness. What is its maximum 
deflection? 


1 80,000 X 40 X 40 

4 ^ “ 4 ^ 30,000,000 X 0.3 


32 

— = 3.5 in. (Ans.) 


For semi-elliptical springs with more than one full leaf. 


D = 


1 

2(2 + r) 



Illustration: Find the maximum deflection of a semi¬ 
elliptical spring with a span of 42 inches. The leaves are 0.24 inch 
thick and they total six in number, two of them being full length. 

In this problem r = f. Then 

1 /L2 1 80,000 X 42 X 42 

~ 2(2 + r)^ Et ~ 2(2 -|- f) ^ 30,000,000 X 0.24 “ 

4.2 in. (Ans.) 

Reference.— Automobile Shop Mathematics, by Herbert D. Harper 
(D. Van Nostrand Company) is an excellent elementary text on this 
subject. 
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SHEET METAL WORK 

Sheet metal work makes abundant use of geometry in that 
flat sheets must be made into the common geometrical shapes of 
cones, cylinders, etc. The plans or drawings usually give the 
dimensions of the finished shape, and the problem is one of laying 
out a design on the flat metal so that when it is cut and bent it 
will result in the desired shape. 

When the surface of a solid is thus opened or flattened out 
it is said to be developed. The following figures will indicate 
the meaning of the term development as applied to the surfaces of 
different solids. Moreover, a knowledge of volume is necessary 
in sheet metal work, for example; a tinsmith is required to make 
some cylinder shaped cans to hold one gallon each and to be 
6 inches high. What radius should be used in laying out the base? 
Practically all formulas of surface and cubic measure apply to 
problems in sheet metal work. Some are given on pages 115-125. 
A cube is shown in Fig. 1 together with its development. 

The following formulas may be | | 

used: 

Volume, 7 = S3 
Side, S = \^ 

Lateral Surface, L — area of two 

ends + areas of all side faces. Fio-1- 



Illustrations: 1. Find the volume of a cube whose side is 
9.5 inches. 

F = 53 = 9.53 = 9.5 X 9.5 X 9.5 = 857.38 cu. in. 
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2. If the volume of a cube is 231 cubic inches, find the length 
of the side. 

s = -yf = 

from the table on page 29 find 6.136 in. 

3. If in Fig. 1 each side is 1 foot, find the lateral surface. 

L = area of two ends + areas of all side faces. 

= 2 sq. ft. + 4 sq. ft. = 6 sq. ft. 

A pentagonal prism is 
shown on the left, Fig. 2, 
and its development in Fig. 3. 
Prisms are named triangular, 
square, pentagonal, etc., in 
accordance with the shape 
of the base. 

RIGHT OBLIQUE The following formulas 

(PRISM) jnay be used which apply 

Fio. 2. to all prisms: 

Volume, V = A, area of end surface X h, height 

Lateral Surface, L = area of two ends = areas of all side faces 

The area of a pentagon can be 
found by multiplying the length of 
the side by 1.7204. See table, page 
651, for constants to determine the 
area of polygons. 

Illustrations: 1. If a pentagonal 
prism measures 1.5 feet on a side 
6 feet in height, find the volume. 

Area of end surface = 1.7204 X 
1.5 = 2.58 sq. ft. 

V = Ah 




* 2.58 X 6 = 15.48 cu. ft. 


PENTAGONAL PRISM 
(RIGHT) 

Fio. 3. 
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2. Find the lateral surface in the above illustration. 

L — area of two ends + area of all side faces 

from preceding problem, area of one end surface = 2.58 square feet, 
therefore, 

2 X 2.68 = 5.16 square feet = area of two ends 

In a right prism the area of the side faces => perimeter 
of base X height. 

Area of one side face = 1.5 X 6 = 9.0 sq. ft. 

Area of 5 faces = 9 X 5 = 45 sq. ft. 


or, perimeter of base, (1.5 X 5) = 7.5 X height (6) = 45 sq. ft. 
L = 5.16 + 45 = 50.16 sq. ft. 



RIGHT OBLIQUE CYLINDER 

CYLINDER (RIGHT) 

Fig. 4. Fig. 5. 


A cylinder is shown in Fig. 4 and its development in Fig. 5. 
The following formulas may be used: 

Volume, V = 3.1416r2A = 0.7854^2*. 

Lateral or cylindrical surface = perimeter of base X height 
=3.1416dA. 

Total area. A, lateral or cylindrical surface and end surfaces 
= 6.2832r(r + A). 
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Illustrations : 1. Find the volume of a cylinder whose 
diameter is 2^ inches and height is 20 inches. 

V * 0.7854d2h = 0.7854 (2.5)2 X 20 

=0.7854 X 6.25 X 20 = 98.18 cu. in. 



2. Find the lateral surface in the above illustration. 

L = 3.1416dA = 3.1416 X 2.5 X 20 = 157.08 sq. in. 

3. In illustration 1 find the total lateral area. 

A = 6.2832r (r + A) = 6.2832 X 1.25 (1.25 + 20) = 166.9 sq. in. 

When the volume of a prism and the area of the base is known 
the height may be found by the following formula: 


Height = 


volume 
area of base 


Illustration: Find the height of a cylinder 2 feet 2 inches in 
diameter to contain 6500 cubic inches. 


Height = 


6500 

531 


12.24 in. 


Aid. Area of base = irr2 = 3.14 X 13 X 13 = 531 sq. in. 
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A square pyramid is shown in Fig. 7 and its development in 
Fig. 8. Pyramids are named triangular, square, pentagonal, etc. 
in accordance with the shape of the base. The following formulas 
may be used. 

Volume, F = X area of base 

Lateral surface, L = area of tjie base + areas of all the tri¬ 
angular faces, or, J X perimeter of base X slant height. 

Note. In a right pyramid all triangular faces are isosceles. 



RIGHT OBUQUB SQUARE PYRAMID 

SQUARE PYRAMID {RIGHT) 

Fio. 7. Fig. 8. 


Illustrations: 1. A pyramid whose base is 2 feet square has 
a height of 6 feet. Find the volume. 

Area of base = 2 X 2 = 4 sq. ft. 

V — X area of base = ^ X 6 X 4 = 8 cu. ft. 

2. In illustration 1 find the lateral surface. 

Area of base, from above, =4 square feet 

Fig. 9 indicates that the lateral surface is made of four 
isosceles triangles similar to ADE. The base of each triangle is a 
side of the base of the pyramid. The lateral surface of the pyramid 
is obtained by multiplying the area of one of the triangles by 4. 

Area of a triangle = | base X height 

If the pyramid is 6 feet high and the base is 2 feet square, then 
the base of the trian^e ADE — 2 feet but the height line of the 
triangle is the line AB, called the slant height. 
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Figure 10 shows the p}n'amid with one quarter removed 
so that the actual height AC and the slant height AB can 
be seen. From this figure it is evident that triangle ABC is 
a right triangle with the slant height AB as the hypotenuse. 
The height of altitude, AC, of this right triangle is 6 feet, the 
height of the pyramid. The base, BC, of the triangle is half the 
distance across the square or ^ X 2 = 1. The hypotenuse 

AB = VaC2 + BC^ = V62 + 12 = = 6.08 feet 

the slant height, which is the height or altitude of the triangle 
ADE. 

Area of triangle ADE = § X base X height 

= § X 2 X 6.08 = 6.08 sq. ft. 



Fra. 9. Fra. 10. 


The lateral surface of the square pyramid is four times the area of 
one of the sides, therefore 4 X 6.08 = 24.32 square feet. 

By the other formula. 

Lateral surface = ^ X perimeter of base X slant height 
= § X (4 X 2) X 6.08 = 24.32 sq. ft. 

A cone is shown in Fig. 11 and its development in Fig. 12. 
The volume of a cone, like that of a pyramid, is one-third the 
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volume of a cylinder of the same size, thus the formulas are 
similar to those used in pyramids. 

Volume, V = X area of base 

Lateral siuface = § X perimeter of base X slant height 

Illusteations: 1. Find the volume and the lateral surface 
of a cone the base of which is a circle 6 feet in diameter and whose 
height is 4 feet. 


Apw Apex 



Area of base = 0.7854d2 

= 0.7854 X 6 X 6 = 28.27 
y = i X 4 X 28.27 = 37.7 cu. ft. 
Perimeter of base = 3.1416 X 6 = 18.8496 
Lateral surface = perimeter of base X slant height 
= i X 18.8496 X V 32 + 42 
= 9.4248 X 
= 9.4248 X 5 
= 47.124 sq. ft. 

2. Making a conical ventilator top which will be 24 inches in 
diameter and 6 inches high. What shape of metal should be cut, 
allowing inches for a lap joint? 
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First it is necessary to determine two other dimensions of the 
cone, the slant height and the circumference of the base. 

The slant height = VO* + 12® = V36 + 144 

= Vlip = 13.4164 = 13,:V in- 


The circumference = tt X 24 = 3.1416 X 24 = 76.3984 = 75f in. 


Then, using the slant height as a radius, 
draw a circle on the metal to be cut. 
The length 75f inches plus the 1§ inches 
for lap may be measured off on the 
circumference of this circle and the 
metal cut. 



Fig. 13. 



Fig. 14. 


However, if the length of the circumference of the circle just 
drawn is computed, and the 75f plus 1§ inches subtracted from 
this length, the difference provides a shorter measurement along 
the circumference. Thus 
Circumference of flat circle 

= 13.4164 X 2 X TT = 84.294 = 843*^ in. 

Then, — (75f + l-J) = 7^^ inches as the distance to be 
measured along the circumference. 

The part of a regular pyramid or 
of a cone which is left after its top has 
been cut off by a plane parallel to its 
base is called the frustum of the pyra¬ 
mid or cone. In practical work the 
frustum of a pyramid or cone has 
more applications than the pyramid 
or cone. The height is the shortest 
distance between the bases which are 
Fig. 16. the base of the pyramid or cone and Fig. 16. 
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the section made by the cutting plane. The lateral faces of a 
frustum of a regular p3u-amid are trapezoids. 

The following formulas may be used: 

Volume, V = 5 {B + b + Vb Xb) 

O 

where B = area of large base and &*» area of small base. 

Lateral surface — average perimeter of bases X slant height 

Illttstbationb: 1. Find the volume of the frustum of a cone 
5 inches high, the upper base being 4 inches and the lower base, 
8 inches in diameter. 



Area of upper base, b = 3.14 X 2 X 2 = 12.66 
Area of lower base, B = 3.14 X 4 X 4 = 50.24 

V = ^iB + b + VBXb) 

= I (50.24 + 12.56 + V60.24 X 12.55) 

= I X 87.92 

O 

= 146.6 cu. in. 

In illustration 1, find the lateral surface. 

Perimeter of upper base, b = 3,14 X 8 = 25.12 inches 
Perimeter of lower base, B = 3.14 X 4 = 12.56 inches 

gg 37.68 inches 

Average perimeter = —^ = 18,84 in. 

Slant height = Vs^ + 2^ = V29 = 6.38 in. 

Lateral surface = 18.84 X 5.38 = 101.36 sq. in. 
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Frequently a sheet metal pattern maker is required to design a 
container of a certain capacity and is required to calculate the 
height. 

The volume formula is transposed to read: 

3 X volume* 

B + b + VBXb 

Illustbation: 2. A container shaped like the frustiun of a 
cone is to contain 1 cubic foot. If the upper base is 12 inches in 
diameter and the lower base 16 inches in diameter find the height. 


then, 


Area of B = 3.14 X 6 X 6 = 113.04 sq. in. 
Area of 6 = 3.14 X 8 X 8 = 200.96 sq. in. 


h = 


3 X volume (in cubic inches) 

B + b+ VBXb 

_ 3 X 17.28 _ 

200.96 + 113.10 + V200.96 X 113.04 
6184 5184 


314.00 + V 22 ,739.886 464.07 


= 11.19 in. 


Figure 18 is the frustum of a hexagonal pyramid and its 
development is shown in Fig. 19. The formulas used are the 
same as those used for the frustum of a cone, i.e.; 


Volume, 7 = ^ (B + 6 + VB X b) 

O 


Lateral surface = Average perimeter of bases X slant height. 



Illustration: Find the 
volume of the frustum of 
a hexagonal pyramid 9 
inches high, the side of the 
upper base being 2 inches 
and the side of the lower 
base 4 inches. 



HEXAGONAL 

PYRAMID 

Fig. 19. 


Fig. 18. 



SHEET METAL WORK 651: 

Area of upper base, b = 2.5980 X 2 X 2 * 10.392 

Area of lower base, B - 2.5980 X 4 X 4 = 41.568 

V = \ (41.568 + 10.392 + V 10.392 X 41.568) 

o 

9 _L. 

= - (51.96 + V431.9747) 

o 

= 5(51.96 + 20.78) 

O 

= 218.22 cu. in. 

The following table may be used to lay out regular poly¬ 
gons and to calculate their area. Notice that 2.5980 used for 
finding the area of the bases in preceding problem is a constant 
taken from this table. 


TABLE 1 

ELEMENTS OF REGULAR POLYGONS 


Number of sides 

Name of 
figure 

Diameter of circle that 
i^ill just enclose 
when side is 1 

CJ 

M 4) 
no 

ll- 

.53 ^ « 

« o •- 
ttD 0) 

O ^ 13 

5 3 « 

2 — ft; 

S • r -f 

S ^ ^ 

Q 

Length of side where 
diameter of enclo¬ 
sure circle equals 1 

1-t 

si 

S' 

- J: 

® S 

WJ '« 

G .5 

4> 

Angle formed by lines 
drawn from center 
to corners 

Angle formed by 
outer sides of 
figures 

1 

To find area of figure 
multiply side by it¬ 
self and by the num¬ 
ber in this column 

3 

Triangle... . 

1.1546 

0.5774 

0.8660 

1.7320 

120® 

60® 

0.4330 

4 

Square. 

1.4142 


0.7071 

1.0000 

90 

90 

1.0000 

6 

Pentagon.. . 

1.7012 

1.3764 

0.5878 

0.7265 

72 

108 

1.7204 

6 

Hexagon. . . 

2.0000 

1.7320 

0.5000 

0.5774 

60 

120 

2.5980 

7 

Heptagon.. . 

2.3048 

2.0766 

0.4338 

0.4815 

51®-26' 

128®-34' 

3.6339 

8 

Octagon.... 

2.6132 

2.4142 

0.3827 

0.4142 

45® 

135® 

4.8284 

9 

Nonagon... 

2.9238 

2.7474 

0.3420 

0.3639 

40 

140 

6.1818 

10 

Decagon.... 

3.2360 

3.0776 

0.3090 

0.3247 

36 

144 

7.6942 

11 

Undecagon.. 

3.5494 

3.4056 

0.2817 

0.2936 

32®-43* 

147®-17' 

9.3656 

12 

Dodecagon.. 

3.8638 

3.7320 

0.2858 

0.2679 

30® 

150® 

11.1961 
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A sphere is a solid in which all points on the surface are at the 
same Stance from an internal point called the center. The 
volume and lateral surface may be found by 
the following formulas: 

Volume, V = = 4.1888r® or, 

O 

^ = 0.5236d3 

SPHERE ® 

Fio. 20. Lateral surface, L = = 3.1416d^ 

Illustration: Find the volume and lateral surface of a sphere 

inches in diameter. 

V = 0.5236d3 = 0.5236 X 6.5 X 6.5 X 6.5 = 143.79 cu. in. 

L = 3.1416d2 = 3.1416 X 6.5 X 6.5 = 132.73 sq. in. 

There are problems in sheet metal work that occur in daily 
practice in which the rules of mensuration must be used before 
the pattern draftsman can make the development. Among these 
problems are transition pieces for heating, ventilating, blower and 
exhaust work together with the sizes and areas of outlets. 

Illustrations: 

1. Find the radius a tinsmith should use in laying out a 
circular hole for a pipe, the cr oss-sect ion of which is 166 square 
inches. The formula r = V0.32A, which is derived from 
A = TIT*, can be used. 

radius = V^O.32 X area 
= V'O.32 X 166 
= V 53 .I 2 = 7* in. 

2. A tinsmith is required to make some cylindric cans to 
hold 1 gallon (231 cu. in.) each and to be 8 inches high. What 
radius should be used in laying out the base? 
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Allowance for seams are neglected. 


radius 




= V9.24 = 3*in. 

4 

3. Find the height of a flaring measure required to hold 
3 gallons and whose top diameter is 7 inches, the bottom diameter 
inches and the diameter in the center is inches. 



Rule. —Divide the capacity in cubic inches by the sum of the 
areas of the top and bottom diameters plus 4 times the area of the 
center section. Then multiply the quotient' by 6. 

Capacity = 3 X 231 = 693 cu. in. 

Area of top = 7 X 7 X 0.7854 = 38.485 sq. in. 

Area of bottom = 11.5 X 11.5 X 0.7854 == 103.87 sq. in. 

Area of middle section = -- = 9.25, 9.25 X 9.25 X 0.7854 

It 

=67.20 sq. in. 

67.20 X 4 = 268.80 
38.485 + 103.87 + 268.80 = 411.155 
693 411.55 = 1.684, 1.684 X 6 = 10.11 in. or lOJ inchea 

the required height of the measure. 
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The table of areas and circumferences of circles page 506 is 
convenient for finding the area of circular-shaped vessels without 
computation. In the preceding case to find the area of the top, 



Fiq. 22 ; 


look under the column headed diameter 
and after 7 to the right read 38.4846 in 
the area column. 

4. Find the volume and lateral surface 
of a cylindric ring whose outside diametei 
is 12 inches and whose inside diameter is 
8 inches. 


where, 


Volume = Trr^ X 

^ ^ Ri + Ry __ 4 + 6 __ 
” 2 ~ 2 ~ 




Then, V = (3.14 X 1 X 1) X (2 X 3.14 X 5) 

= 3.14 X 31.4 = 98.6 cu. in. 


Lateral Surface, L = (27rr) X {2TrR) 

= (2 X 3.14 X 1) X (2 X 3.14 X 5) 
= 6.28 X 31.4 = 197.2 sq. in. 


5. In the offset boot shown in 
Fig. 23, find the length of the rec¬ 
tangular pipe in order that its dimen¬ 
sion will equal the area of the 10-inch 
round pipe if the width of the rec¬ 
tangular pipe is 4 inches. 

Area of round pipe = Trr^ = 3.14 
X 5 X 5 = 78.5 sq. in. 

Then, 78.5 4 = 19.625 or 19f in. 

Therefore, the size of the rec¬ 
tangular riser of equal area to the 
10-inch round pipe is 4 in. X 19f in. 


4-4V 
/ / 



Fig. 23. 
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6. Find the volume and lateral surface of a ring with a 6-inch 
diameter and a square cross-section of 1 inch. 

Volume = ~ 

= <S.14 X 1(3 X 3 - 2 X 2) 

= 3.14 X5 = 15.7 cu. in. 

Lateral surface = 2 (jB + H)(2irR) 

= 2(1 + 1)(2 X 3.14 X 2.5) 

= 4 X 15.7 = 62.8 sq. in. 




7. Find the diameter of a main pipe whose capacity will equal 
the combined capacity of three branches whose diameters are 6 
inches, 7 inches, and 8 inches respectively. 

Areas of circles vary as the squares of their diameters, 
therefore. 

Diameter of main pipe = + 7^ + 6^ 

= Vm = 12.2 or 121 in. 

The square root can be found in table of squares, square roots, etc 
on page 29. 
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Another method which makes use of the tables of areas of 
circles on page 506 is: 

Area of 6" pipe = 28.2744 square inches 
Area of 7" pipe = 38.4846 square inches 
Area of 8" pipe = 50.2656'square inches 

Combined areas = 117.0246 square inches 

Taking the nearest number in the 
table to 117.0246, i.e., 117.859, 
which is the diameter of a pipe 
12j inches. 

8. Find the diameter of a round 
main to equal the area of one 
square and one rectangular branch 
of a two-branched prong. Fig. 26, 
when one branch is 6 inches square 
and the other measures 6 inches 
X 12 inches. 

= 6 X 6 = 36 square inches 
Area of rectangular branch = 6 X 12 = 72 square inches 

Combined area = 108 square inches 

The nearest calculation from the table on page 506 is 108.43, 
the diameter of a llj-inch circle. 

9. Find the missing dimension of a rectangular pipe of area 
equal to that of two round branches, 8 inches and 12 inches 
in diameter when one side of the rectangular pipe measures 
10 inches. See Fig. 27. 

From the table. 

The area of the 8-inch pipe = 50.265 square inches 
The area of the 12-mch pipe = 113.098 square inches 

The combined area — 163.363 square inches 

The missing dimension will be, 163.363 10 or 16.33 « 16^ in. 



Area of square branch 


SHEET METAL WORK 


667 


10. Find the size of a square pipe having an area equal to 
that of two round branches whose diameters are 13f inches and 
16 inches respectively. Fig. 28. 



Fig. 27. Fig. 28. 


The area of the 13f-inch pipe = 145.80 square inches 
The area of the 16-inch pipe = 201.06 square inches 

The combined area = 346.86 square inches 

The V346.86 = 18.6 or 18f inches, thus making the required size 
of the square main pipe, 18| in. X 18f in. 

11. Find the increased sizes of the ducts. A, B, and C, shown 
in the ventilating system, in order to take care of the 8-inch, 10- 
inch and 15-inch branches respectively. 

From the tables of areas of circles, page 507, 

Area of 6-inch pipe = 28.2743 square inches 
Area of 8-inch pipe = 50.2655 square inches 

Combined area = 78.5398 square inches 

this is the area of a 10-inch circle. Thus pipe A should have a 
diameter of 10 inches. 



Fig. 29. 
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Area of B » area of pipe A + area of 10>inch branch. Because 
both are 10 inches in diameter, 78.539 X 2 = 157.078 square 
inches, the combined areas. From the table, page 506’, the nearest 
number to 157.078 is 159.48, the area of a 14i-inch circle. Thus, 
pipe B should have a diameter of 14| iflches. 

Area of C — area of pipe B + area of 15-inch branch 
= 159.48 + 176.71 
= 336.19 sq. in. 

From the table, page 506, find 336.19 equal to 20|i' Thus pipe C 
should have a diameter of 20H inches. 



Find the size of a square main in a three-branched fitting 
whose outlets are, 16 inches X 16 inches, 8 inches X 8 inches and 
6 inches X 6 inches respectively. From the tables, page 29, 

Area of 6-inch X 6-inch outlet = 36 square inches 

Area of 8-inch X 8-inch outlet = 64 square inches 

Area of 16-inch X 16-inch outlet = 256 square inches 

Combined area = 356 square inches 

Side of square main = V366 = 18.86. 
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In practical work the size of the square would be taken as 
18i inches X 18J inches. 

13. Find the dimensions of a rectangular vertical flue having 
an equal area to the combined areas of five horizontal vent ducts 
shown in Fig. 31. 



70"x 10" * 



1&*x 1^” 



\lo”x 14" 



10"x16" 


_I 

,10"x 18*' 



? r- 


Fig. 31. 


Area of first duct = 10 X 10 = 100 square inches 

Area of second duct = 10 X 12 = 120 square inches 

Area of third duct = 10 X 14 ~ 140 square inches 

Area of fourth duct = 10 X 16 == 160 square inches 

Area of fifth duct = 10 X 18 = 180 square inches 

Combined area = 700 square inches 


As all ducts are set in 
5 X 10 = 60 inches. 

Therefore, 700 -r- 50 = 
14. Thus the flue with 
the required area will be 
14 inches X 50 inches. 

14. Find the amount of 
tin required for the funnel 
shown in the sketch if the 
slant height of the upper 
piece is 4.5 inches, and the 
slant height of the lower 
piece is 3.6 inches. Allow 
i inch on the length and 
width of each piece for 
locks. 


10-inch way, the space taken up is 



Fiq. 32. 
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The fonnula from page 640: 

Lateral surface = average perimeter of bases X slant height 
Perimeter of upper large base == 3.14 X 6 = 18.84 inches 
Perimeter of upper small base = 3.14 X 1 = 3.14 inches 

21.98 inches 

Average penmeter = —— = 10.99 mches 

Perimeter of lower large base = 3.14 X 1 = 3.14 inches 
Perimeter of lower small base = 3.14 X 0.5 = 1.57 inches 
4.71 

Average perimeter = —— = 2.35 inches 

Upper slant height 4^ inches + ^ inch = 5 inches 
Lower slant height 3} inches + i inch = 4 inches 
10.99 + 0.5 = 11.49 X 5 = 57.45 square inches 
2.35 + 0.5 ~ 2.85 X 4 = 11.40 square inches 


68.85 square inches 

Therefore 68.85 square inches of tin are required. 



Fig. 33. 


15. Find the volume of the hemispheri¬ 
cal bowl shown in Fig. 33, when the out¬ 
side diameter is 12 inches and the inside 
diameter is 8 inches. 

Aid. Treat the solid as the differences 
of two hemispheres. 


From page 652. Volume of a sphere = 0.5236d^ 
whence V = 0.5236 X 12 X 12 X 12 = 904.78 cubic inches 
V = 0.5236 X 8 X 8 X 8 = 268.08 cubic inches 

904.72 2 = 452.36 cubic inches in outside hemisphere 

268.08 7 2 == 134.04 cubic inches in inside hemisphere 


318.32 cubic inches, the volume of the bowl. 
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TABLE 2. — Capacitt of Tanks in United States Gallons 


Decimal Equivalents of Fractional Parts of a Gallon 


0.03125 of a gallon 


1 

giU 

0.53125 

of a gallon 


17 

Kilk 

0.06260“ 

t 1 

< ( 


H 

pint 

0.56250 

tt tt 

tt 


4ii pints 

0.09376“ 

t t 

1 ( 


3 

gills 

0.62500 

tt tt 

tt 

EK 

5 

pints 

0.12600“ 

1 t 

<1 


1 

pint 

0.5^75 

tt tt 

tt 

= 

19 

gills 

0.16626“ 

t t 

i i 


5 

gills 

0.65625 

tt tt 

11 

S 

21 

gills 

0.18760“ 

< < 



IH pints 

0.68760 

tt it 

tt 

S 

6J^ pints 

0.21876“ 

< i 

tt 

* 

7 

gills 

0.71876 

tt tt 

11 

== 

23 

gills 

0.2600 “ 


tt 


1 

quart 

0.75000 

tt tt 

tt 


3 

quarts 

0.28126“ 

t t 

tt 

* 

9 

gills 

0.78126 

tt It 

11 

* 

25 

gills 

0.31260“ 

t t 

tt 

= 

2]4 pints 

0.81250 

t( tt 

11 

s: 

6}4 pints 

0.34376 “ 

tt 

11 

= 

11 

gil ? 

0.84376 

tt ft 


iT/S 

27 

gills 

0.37600“ 

i t 

tt 


3 

piD.;S 

0.87600 

tt ft 

tt 

ss 

rr 

pints 

0.40626 “ 

tt 

tt 

« 

13 

gills 

0.90626 

tt tt 

tt 

» 

29 

gills 

0.43750“ 

t t 

11 

s 

3H pi ^ts 

0.93760 

tt tt 

* 1 


pints 

0.46876“ 

it 

t t 


15 

gills 

1.968760 


tt 


31 

gills 

0.60000“ 

t < 

t t 


K gallon 

1.00000 

it it 

11 


1 

gallon 


Tin Roofing.—Pure block tin is not used for common building 
purposes; but thin plates of sheet iron covered with it on both sides 
constitute the tinned plates, or, as they are called, the tin, used for 
covering roofs, rain pipes and many domestic utensils. For roofs 
it is laid on boards. 


Fia. 34. 

The sheets of tin are united as shown in Fig. 34. First, several 
sheets are joined together in the shop, end for end, as at U, by 
being first bent over, then hammered flat, and then soldered. 
These are then formed into a roll to be carried to the roof, a roll 
being long enough to reach from the peak to the eaves. Different 
rolls being spread up and down the roof are then united along 
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TYPES OF JOINTSS EDGES 
FOR SHEET METAL 


Solder Lap ^HjrflersunK txtp pmiedLcp fifte/tedButt 

Seam Seam Jcmt Joiar 


Sm^te Hem Double Hem 


isvapenrhon Znd Cperetnif 
Grocyed Seam 


JST.O/>emt$en Zno,Operation Srd Opemt/on 

Ooubte Seam (Loonsdecl^e) 


f r 




qpen nem Mre enclosed Can 

Wired Betas Seam 




fe seam 


Si ip doiffi 


Roof Seam 


BxpansiSff Jemi 


RiusM Comer 

Seam 


LacHedComer 

Seam 




Scart 


lamped Cbrru^ion 

Figs 7.—Types of Joints and Edges for Sheet Metaii 
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their sides by simply being bent as at o and s, by a tool for tha t 
purpose. The roofers call the bending at s a dmble groove, or 
double lock’, and the more simple ones at t, a single groove, or lock. 

To hold the tin securely to the sheeting boards, pieces of the tin 
3 or 4 inches long by 2 inches wide, called cleats, are nailed to the 
boards at about every 18 inches alopg the joints of the rolls that 
are to be united, and are bent over with the double groove s. This 
will be imderstood from y, where the middle piece is the cleat. 

Flat-Seam Tin Roofing.—When a sheet of tin 14 X 20 
inches with §-inch edges is edged or folded, it will measure 13 
inches X 19 inches or 247 square inches of area. However, when 
this sheet is joined to other sheets on the roof, its covering capacity 
is only 12^ inches X 18| inches or 231.25 square inches. A box 
of 112 sheets, 14 inches X 20 inches, laid this way will cover, 
approximately, 180 square feet. 

Illustration: Find the number of sheets of tin 14 inches X 20 
inches required for one square (100 square feet) using flat seams 
with |-inch edge. 

100 X 144 (the number of square inches in a square foot) = 14,400 
14,400 231.25 = 63 

Standing-Seam Tin Roofing.—^When standing-seams edged 1^ 
inches and 1^ inches are used 2-2- inches is taken off the width; and 
the flat cross-seams edged | inches take 11 inches off the length of 
the sheet. The covering capacity of each 14 X 20-inch sheet is, 
therefore, IJ inches X 18| inches or 212.34 square inches. A box 
of 112 sheets 14 inches X 20 inches laid in this will cover 165 
square feet. 

Illustration: Find the number of sheets of tin required for 
one square when using standing seams. 

14,400 4- 212.34 = 68 

Note: The weight of sheet metal is calculated on page 263 in 
the chapter on weights and measures. 

Corrugated sheets of iron and steel are used not only for roofing 
but also for siding of sheds, mills and other structures. These 
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sheets are carried in stock in 4-foot, 6-foot, 6-foot, 8-foot, 9-foot and 
10-foot lengths, the 8-foot length being the most commonly used. 
The usual width of sheets is 24 inches between the centers of the 
outer corrugations, so that the covering width is 24 inches when 
one corrugation is used for the side lap. Ordinary corrugated 
sheets should have a lap or 2 corrugations side lap for roofing 
in order to secure water-tight side seams. For covering roofs, 
either 3-inch, 2|-inch or 2-inch corrugations should be used, the 
2-inch corrugation being the most common size. No. 28 gage 
corrugated iron is generally used for applying to wooden buildings. 
When laid on a roof, corrugated sheets should have a lap on the 
lower end from 3 to 6 inches, according to the pitch of the roof. 


TABLE 3 

Number of Square Feet of Corrugated Sheets to Cover 
100 Square Feet of Roof 


End Laps. 

1 inch 



4 inches 

I 

5 inches 


Side lap, 1 corrugation... 

Side lap, corrugations.,. 

Side lap, 2 corrugations... 

Sq. Ft. 
110 
116 
123 

Sq. Ft. 
Ill 
117 
124 

Sq. Ft. 
112 
117 
125 

Sq. Ft. 
113 
119 
126 



Corrugated Iron Roofing 


B. W. 
Gauge 

Weight per square 
(100 square feet). 
Plain 

Galvanized 

Number 

Pounds 


28 

97 


26 

106 

Weights from 6 to 15 per 

24 

128 

cent heavier than plain, 

22 

150 

according to the number 

20 

185 

B. W. G. 

18 

270 


16 

340 



Allow one-third the net width for lapping and for corrugations. From 
2^ to SH pounds for rivets will be requiied per square. 
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The best plates^ both for tinning and for temes, are made of 
charcoal iron, which, being tough, bears bending better. Coke is 
used for making cheaper plates, but is inferior as regards bending. 

Much use is made of what is called leaded tin, or temes, for 
roofing. It is simply sheet iron coated with an alloy of lead and tin, 
lead being less expensive. In one st^indard brand the alloy is 32% 
tin, 68% lead. tart.f 4 

Galvanized Sheet Iron 


Am. Galv. Iron Assn. B. W. G. 


No. 

Ounces 

avoir. 

per 

square 

foot 

Square 
feet per 
2240 
pounds 

No. 


Square 
fer^t per 
2240 
pounds 

No. 

Ounces 

avoir. 

per 

square 

foot 

Square 
feet per 
2240 
pounds 

29 

12 

2987 

24 

17 

2108 

19 

33 

1084 

28 

13 

2757 

23 

19 

1886 

18 

38 

943 

27 

14 

2560 

22 

21 

1706 

17 

43 

833 

26 

15 

2389 

21 

24 

1493 

16 

48 

746 

25 

16 

2240 

20 

28 

1280 

14 

60 

597 


TABLE 5.—Tin Required for Flat Seams 


No. of square feet.. 

100 

110 

Bfff 

130 

140 

150 

160 


180 

190 

200 

Sheets required. 

63 

69 

75 

81 

88 

94 

100 


112 

119 

125 

No. of square feet.. 

210 

220 

230 

240 

250 

260 

■Tio 



■Ttin 

310 

Sheets required. 

131 

137 

144 

■ MO 

156 

162 

169 

175 

181 

187 

193 

No. of square feet.. 

320 

330 

340 

350 

360 

370 

380 

■KO 

■TtTo 

Wm 

420 

Sheets required. 

200 

206 

212 

218 

224 

231 

237 

243 

249 

256 

262 

No. of square feet.. 

430 

440 

450 

460 

470 

480 

490 

500 

510 

520 

530 

Sheets required. 

268 

274 

281 

287 

293 

299 


312 

318 

324 

330 

No. of square feet.. 

540 

550 

560 

570 

580 

590 

KTO 

610 

620 

■MO 

640 

Sheets required. 

337 

343 

349 

355 

362 

368 

374 

380 

386 

393 

396 

No. of square feet.. 

650 

660 

670 

680 

690 

mLQ] 

■iTo 

720 

730 

740 

750 

Sheets required. 

405 

411 

418 

424 

430 

436 

442 

448 

455 

461 

467 

No. of square feet.. 

760 

770 

780 

790 

■ICO 

810 

820 

830 

840 

■MO 

860 

Sheets required. •. •. 

474 

480 

486 

492 

499 

Kg 

511 

517 

523 

: 530 

536 

No. of square feet.. 

870 

880 

890 

900 

910 

920 

930 




970 

Sheets required. 

542 

548 

554 

561 

567 

573 

579 


592 


604 


980 

990 

iUlUJ 









AUVe W XCVv* • 










610 

617 

625 



1 1 1 

.... 

IWVl 

111 


• • • • 









mu 



A box of 112 ilieeU 14 by 20 in hid In this way will cover 180 sq ft. 
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5.—Tin Esquired for Flat Sbamb— Continued 


No. of square feet.. 

BIS 

110 

120 

130 

140 

150 

160 

mm 

180 

lEJ 

200 

Sheets required. 

30 

33 

36 

39 

42 

45 

47 


53 

56 

59 

No. of square feet.. 

210 

220 

230 

240 

250 

260 

mm 


290 

300 

310 

Sheets required. 

62 

65 

68 

71 

74 

' 77 

80 

83 

86 

89 

92 

No. of square feet.. 

320 

330 

340 

350 

360 

370 

ins 

390 

400 

410 

420l 

Sheets required. 

94 

97 

mj] 


106 

109 

112 

115 

118 

121 

124 

'No. of square feet.. 

430 

440 

450 

460 

470 

480 

490 

500 

510 

520 

530 

Sheets required. 

127 

130 

133 

136 

139 

141 

144 

147 

150 

153 

156 

No. of square feet.. 

540 

550 

560 

570 

580 

590 

600 

»TTo 


630 

640 

Sheets required. 

159 

162 

165 

168 

171 

174 

177 

180 

183 

186 

188 

No. of square feet.. 

650 

660 

670 


690 

700 

710 

720 

730 

740 

750i 

Sheets required. 

191 

194 

197 

200 

203 

206 

209 

212 

215 

218 

221 

No. of square feet.. 

760 

770 

780 

790 

wm 

810 

820 

830 


850 

860 

Sheets required. 

224 

227 

230 

233 

235 

238 

241 

244 

247 

mm 

253 

No. of square feet.. 

870 

880 

890 


910 

920 

930 

940 

950 

960 

970 

Sheets required. • • 

256 

259 

262 

265 

268 

271 

274 

277 

mm 

282 

285 

No. of square feet.. 

980 

990 

1000 









Sheets required..... 

288 

291 

294 






















A box of 112 sheets 28 by 20 in hud in this way will cover 381 sq tU 


TABLE 6 . —Tin Required for Standing Seams 


No. of square feet.. 

100 

110 

120 

m 

140 

150 

160 

170 

180 

190 

200 

Sheets required. 

68 

75 

82 

89 

95 

102 

109 

116 

123 

129 

136 

No, of square feet.. 

210 

220 

230 

240 

250 

m^ 

mm 

280 

290 

300 

310 

Sheets required. 

143 

150 

156 

163 

170 

177 

184 

190 

197 

204 

211 

No. of square feet.. 

320 

330 

340 

350 

360 

370 

380 

390 

400 

410 

420 

Sheets required. 

218 

224 

231 

238 

245 

251 

258 

265 

271 

279 

285 

No. of square feet.. 

430 

440 

450 

460 

470 

480 

490 

500 

510 

520 

530 

Sheets required.. . 

292 

299 

306 

312 

319 

326 

333 

340 

346 

353 

360 

No. of square feet.. 

540 

550 

560 

570 

580 

590 

600 

610 



640 

Sheets required. 

367 

374 

379 

387 

393 

401 

407 

414 

421 

428 

435 

No. of square feet.. 

650 

660 

670 

680 

690 

700 

KJPj 

mm 

730 

740 

750 

Sheets required..... 

441 

447 

455 


468 

475 

482 

n 

wm 

mm 

509 

No. of square feet.. 

760 

770 

780 

790 



820 

830 

840 

850 

860 

Sheets required. 

515 

523 

529 

536 

543 

550 

557 

563 

570 

577 

584 

No. of square feet.. 

870 

880 

890 

900 

910 

920 

mm 

mm 

950 

960 

970 

Sheets required. 

590 

597 

604 

611 

618 

623 

630 

637 

644 

651 

658 

No. of square feet.. 

980 

990 

1000 









Sheets required... . J 

665 

672 

679 

|8ii| 

MS 










mm 

1 





iMWli 



A box of 112 sheets 14 by 20 in laid in this way will cover 165 sq ft 
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6.—^Tin Required for Standing Seams— Continued 


No. of square feet.. 

100 

no 

120 

130 

140 

150 

160 

170 

wm 


200 

Sheets required. 

32 

35 

38 

41 

44 

47 

50 

53 

56 

59 

62 

No. of square feet.. 

210 

220 

230 

240 

250 

260 

270 

Wm 

290 

EH 

310 

Sheets required. 

65 

68 

71 

74 

77 

.80 

84 

87 

90 

94 

97 

No. of square feet.. 

320 

330 

340 



370 

380 

390 

Kmo 

410 

420 

Sheets required. 

100 

103 

106 

109 

112 

115 

118 

121 

125 

128 

131 

No. of square feet.. 

430 

440 

450 

460 

470 

KB3 

490 

E3 

510 


530 

Sheets required. 

134 

137 

141 

144 

147 

150 

153 

156 

159 

162 

165 

No. of square feet... 

540 

Bm!j 

560 

570 

580 

590 

KSo 

610 

620 

630 

640 

Sheets required. 

168 

171 

174 

177 

180 

184 

187 

190 

193 

196 

199 

No. of square feet.. 

650 

660 

670 

680 

690 

Ki!i!] 

710 


730 

740 

750 

Sheets required. 

202 

205 

208 

211 

214 

218 

221 

224 

227 

230 

233 

No. of square feet.. 

760 

770 

780 

790 

Km!] 

810 

820 

Kmo 

840 


860 

Sheets required. 

236 

239 

242 

245 

249 

252 

255 

238 

261 


268 

No. of square feet.. 

870 

880 

890 

900 

910 

920 

930 

Kim 

950 

kb 

970 

Sheets required. 

271 

274 

277 

280 

283 

286 

289 

292 

296 


302 

No. of square feet.. • 

980 

990 










Sheets required. 

305 

308 

.... 

.... 

• • • • 

. • * 


.... 

.... 

HHii 

mil 


A box of 112 sheets 23 by 20 in laid in this way will cover 360 sq ft. 


In giving orders, it is important to specify whether charcoal plates 
or coke ones are required; also whether tinned plates, or ternes. 

Tinned and leaded sheets of Bessemer and other cheap steel 
are now much used. They are sold at about the price of charcoal 
tin and terne plates. 

If the tin is laid with a flat-seam or flat lock, the roof should 
have an incline of § inch or more to a foot. If laid with a standing 
seam, there should be an incline of not less than 2 inches to a foot. 

This is put up in rolls 14, 20, and 28 inches wide for the con¬ 
venience of roofers. Each roll contains 108 square feet. The 
following table shows the number of sheets required per lineal foot 
for 20- and 28-inch widths. 

Roof Flashings.—Flashings are pieces of tin, lead or copper, 
let into the joints of a wall so as to lap over gutters and in places 
where leaks are likely to occur such as around chimneys, dormers, 
skylights and in valleys. In shingle work, the valley flashings are 
usually 14 inches wide, while the length depends upon the length 
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TABLE 7.—Sizes and Weight of Sheet Tin 


Mark 

Number of 
sheets in 
box 

Dimension 

Weight of 
box, 
pounds 

Length, 

inches 

Breadth, 

inches 

1C. 

225 

13% 

10 

112 

lie. 

225 

13% 

9% 

105 

me. 

225 

12% 

9% 

98 

IX. 

225 

13% 

10 

140 

IXX. 

225 

13% 

10 

161 

IXXX. 

225 

13% 

10 

182 

IXXXX. 

225 

13% 

10 

203 

DC. 

100 

16% 

12% 

105 

DX. 

100 

16% 

12Ji 

126 

DXX. 

100 

16% 

12M 

147 

DXXX. 

100 

16% 

12H 

168 

DXXXX. 

100 

16% 

12H 

189 

5DC. 

200 

15 

11 

168 

5DX. 

200 

15 

11 

189 

6DXX. 

200 

15 

11 

210 

5DXXX. 

200 

15 

11 

231 

ICW. 

225 

13% 

10 

112 


A box containing 225 sheets, 13^ by 10, contains 214.84 square feet; 
but allowing for seams it will cover only 150 square feet of roof. 


of the valley. The sides of dormers, chimneys and all intersec¬ 
tions are flashed with tin cut so as to turn up 3| inches on the 
vertical and 3 inches on the roof. Flashings are measured by the 
number of square feet. 

There are also in use for roofing, certain compound metals 
which resist tarnish better than either lead, tin, or zinc but which 
are so fusible as to be liable to be melted by large burning cinders 
falling on the roof from a neighboring conflagration. 

A roof covered with tin or other metal should, if possible, 
slope not much leas than five degrees, or about an inch to a foot; 
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TABLE 8. —^Tin in Rolls or Gutter Strips 


Veet 

Widths 

Fe«t 

widths 


liM 

Htto- 

Widdie 

20 

m 

20 

B 

Foot 

20 

a 

drad 

feat 

20 

2 S 

1 


1 

35 

16 


69 

31 

44 

2 

89 

128 

2 



36 

16 


70 

32 

45 

3 

134 

192 

3 



37 

.17 

24 

71 

32 

45 


178 

256 

4 



38 

17 

24 

72 

32 

46 


223 

320 

5 



39 

18 

2S 

73 

33 

47 


267 

384 

6 



40 

18 

26 

74 

33 

47 


312 

444 

7 


S 

41 

19 

27 

75 

34 

48 

8 

356 

512 

8 


5 

42 

19 

27 

76 

34 

48 

9 

401 

576 

9 



43 

20 

28 

77 

35 

49 

10 

445 

640 

10 

5 

mm 

44 

20 

28 

78 

35 

50 

11 

495 

704 

11 

5 

mm 

45 

io 

29 

79 

36 

50 

12 

540 

768 

12 



46 

21 

29 

80 

36 

51 

13 

585 

832 

13 



47 

21 

30 

81 

36 

52 

14 

630 

896 

14 

■i 

^9 

48 

22 

31 

82 

37 

52 

15 

675 

960 

15 


10 

49 

22 

31 

83 

37 

53 

16 

720 

WETM 

16 

8 

11 

50 

23 

32 

84 

38 

54 

17 

765 

1088 

17 

8 

11 

51 

23 

33 

85 

38 

54 

18 

810 

1 152 

18 

8 

12 

52 1 

24 

33 

86 

39 

55 

19 

855 

1 216 

19 

mM 

12 

53 

24 

34 

87 

39 i 

55 

20 

900 

1 280 

20 


13 

54 

24 

34 

88 

40 1 

56 

21 

945 

1344 

21 

10 

14 

55 

25 

35 

89 

40 

57 

22 

990 


22 

10 

14 

56 

25 

36 

msm 

40 

57 

23 

1035 

1472 

23 

11 

15 

57 

26 

36 

91 

41 

58 

24 

1 080 

1 536 

24 

11 

16 

58 

26 

37 

92 

41 

59 

25 

1 135 


25 

12 

16 

59 

27 

38 

93 

42 

59 

26 

1 170 

1 664 

26 

12 

17 

60 

27 

38 

94 

42 

60 

27 

1 215 

1,738 

27 

12 

18 

61 

28 

39 

95 

43 

61 

28 

1 260 

1 792 

28 

13 

18 

62 

28 

40 

96 

43 

62 

29 

1 305 

1856 

29 

13 

19 

63 

28 

40 

97 

44 

62 

30 

1 350 

1 920 

30 

14 

19 

64 

29 

41 

98 

44 

63 

31 

1 395 

1984 

31 

14 

20 

65 

29 

41 

99 

44 

64 

32 

1 440 

2 048 

32 

15 

21 

66 

30 

42 

100 

45 

64 

33 

1 485 

2 112 

33 

'15 

21 

67 

30 

43 




34 

1 530 

2 176 

34 

16 

22 

68 

.31 

43 



.... 

35 

1 575 

2 240 


and at the eaves there should be a sudden fall into the rain-gutter, 
to prevent rain from backing up so as to overtop the double¬ 
groove joint Sy and thus cause leaks. When coal is used for fuel, 
tin roofs should receive two coats of paint when first put up, and 
a coat every 2 or 3 years after. Where wood only is used, this is 
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not necessary; and a tin roof with a good pitch will last 20 or 30 
years. 

Two good workmen can put on, and paint outside, from 250 
to 300 square feet of tin roof, per day of 8 hours. 

Tinned iron plates are sold by the box. These boxes, unlike 
glass, have not equal areas of contents. They may be designated 
or ordered either by their names or sizes. Many makers, however, 
have their private brands in addition; and some of these have a 
much higher reputation than others. 


TABLE 9. —Weights of Sheet Steel and Iron 
United States Standard Gage 
(Adopted by U. S. Government, July 1, 1893) 


Number 

of 

Gage 

Thickness 

Weight per Sq. Foot 

No. 

Gage 


Weight per Sq. Foot 

Steel 

Iron 


Iron 

0000000 

•5 

20.320 

20.00 

17 

.05625 

2.286 

2.25 

000000 

.46875 

19.050 

18.75 

18 

•05 

2.032 

2. 

00000 

•4375 

17.780 

17.50 

19 

•04375 

1.778 

*-75 

0000 

.40625 

16.510 

16.25 

20 

•0375 

1.524 

1.50 

000 

•375 

15.240 

15.00 

21 

.03437 

1-397 

I- 37 S 

CO 

•34375 

13-970 

13.75 

22 

.03125 

1.270 

*•25 

0 

•3125 

12.700 

12.50 

23 

.02812 

I-143 

1.125 

X 

•28125 

11.430 

11.25 

24 

.025 

I.O16 

I. 

2 

.26562 

10.79s 

10.625 

25 

.02187 

•903 

00 

• 

3 

•25 

10.160 

10.00 

26 

.01875 

.762 

•75 

4 

.23437 

9 - 52 S 

9-375 

27 

.01718 

.698 

.687 

s 

•21875 

8.890 

8-75 

a8 

.01562 

.635 

.623 

6 

.20312 

8-2SS 

8.125 

29 

.01406 

.571 

.562 

’7 

•1875 

7.620 

7-5 

30 

.0125 

.508 

•5 

8 

.17187 

6.985 

6.875 

31 

.01093 

•440 

.437 

9 

.15625 

6.350 

6.25 

32 

.01015 

.413 

.406 

10 

.14062 

S- 7 IS 

5.625 

33 

..00937 

.381 

- 37 S 

II 

.125 

5-o8o 

5.00 

34 

-00859 

.349 

•343 

12 

.10937 

4-445 

4375 

35 

.00781 

• 3*7 


13 

•0937s 

3.810 

3-75 

36 

.00703 

.285 

•281 

J 4 

.0781a 

3.17s 

3.125 

37 

.00664 

.271 

.265 

*5 

•0703 , 

2.857 

i.Si 2 

38 

.00625 

.254 

•25 

16 

.0625 


2.50 

1 





We^ht of X cubic foot ia assumed to be 487.7 lbs. for steel plates 
and lbs. for iron plates. 
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TABLE 10 


Gauge 

No. 

American 
or Brown & 
Sharpe's 

Birmingham 
or Stubs 

1 

JS 

1 

Imperial 

S. W. G. 

S.| 

II 

United States 
Standard 

Gauge 

No. 

0000000 

000000 

00000 

0000 

000 

.5165 

.4600 

.4096 

.454 

.425 

.490 

.460 

.430 

.3938 

.3625 

.432 

.400 

.372 

.454 

.425 

.500 

.46875 

.4375 

.40625 

.375 

ooooooo 

oooooo 

ooooo 

0000 

000 

00 

.3648 

.380 

.3310 

.348 

.88 

.34375 

00 

0 

.3249 

.340 

.3065 

.324 

.34 

.3125 

0 

1 

.2893 

.300 

.2830 

.800 

.3 

.281% 

1 

2 

.2576 

.284 

.2625 

.276 

.284 

.265625 

2 

3 

.2294 

.259 

.2437 

.252 

.250 

.25 

8 

4 

.2043 

.238 

.2253 

.232 

.238 

.234375 

4 

5 

.1819 

.220 

.2070 

.212 

.22 

.21875 

5 

6 

.1620 

.203 

.1920 

.192 

.203 

.203125 

6 

7 

.1443 

.180 

.1770 

.176 

.18 

.1875 


8 

.1285 

.165 

.1620 

.160 

.165 

.171875 

8 

9 

.1144 

.148 

.1483 

.144 

.148 

.15625 

9 

10 

.1019 

.131 

.1350 

.128 

.134 

.140625 

10 

11 

.09074 

.120 

.1205 

.116 

.12 

.125 

11 

12 

.08081 

.109 

.1055 

.104 

.109 

.109375 

12 

13 

.07196 

.095 

.0915 

.092 

.095 

.09375 

13 

14 

.06408 

.083 

.0800 

.080 

.083 

.078125 

14 

15 

.05707 

'.072 

.0720 

.072 

.072 

.0708125 

15 

16 

.05082 

.065 

.0625 

.064 

.065 

.0625 

16 

17 

.04526 

.a58 

.0540 

.056 

.058 

.05625 

17 

IS 

.04030 

.049 

.0475 

.048 

.049 

.05 

18 

19 

.03589 

.042 

.0410 

.040 

.040 

.04375 

19 

20 

.03196 

.035 

.0348 

.036 

.035 

.0375 

20 

21 

.02846 

.032 

.03175 

.032 

.0315 

.034375 

21 

22 

.02535 

.028 

.0286 

.028 

.0295 

.03125 

22 

23 

.02257 

.025 

.0258 

.024 

.027 

.028125 

23 

24 

.02010 

,022 

.0230 

.022 

.025 

.025 

24 

25 

.01790 

.020 

.0204 

.020 

.023 

.021875 

2 -'> 

26 

.01594 

.018 

.0181 

.018 

.0205 

.01875 

• 26 

27 

.01420 

.016 

.0173 

.0164 

,0187 

.0171875 

27 

2 H 

.01264 

.014 

.0162 

.0148 

.0165 

.015625 

28 

29 

.01126 

.013 

.0150 

.0136 

1 .0155 

.0140625 

29 

SO 

.01003 

.012 

.0140 

.0124 

.01372 

.01*25 

30 

81 

.008928 

.010 

.0132 

.0116 

.0122 

.0109375 

31 

32 

.007950 

.009 

.0128 

.0108 

.0112 

.01015625 

32 

_3^ 

.007080 

.008 

.0118 

.0100 

1 .0102 

.009375 

33 

34 

.006305 

.007 

.0104 

.0092 

1 .0095 

.00859375 

31 

35 

.005615 

.005 

.0095 

.0084 

,009 

.0078125 

35 

36 

.005000 

.004 

.0090 

.0076 

1 .0075 

.00703125 

36 

87 

.001453 


.0085 

.0068 

.0065 

.006640625 

37 

38 

.003965 


.008 

.0060 

.0057 

.00625 

3ft 

39 

.003531 


.0075 

.0052 

.005 


39 

40 

.003145 


j .007 

.0048 

.0045 


40 

41 

1.002800 



.0044 



41 

42 

.002494 



.004 



42 

43 

1.002221 



.0036 



43 

44 

1.001978 



.0032 



44 

45 

.001761 



.0028 



45 

46 

.001563 



.0024 



46 

47 

.001397' 



002 



47 

4ft 

.001244 



.0016 



48 

49 

.001018 



.0012 



49 

50 

.0009863 



.001 



50 



TABLE 11 

Wbiobts of Steel^ Wrought Iron, Brass and Copper Plates 

BIRMINGHAM OR STUBS* GAGE 


No. 

of 

Gage 

Thicknesa 
. In 

Inches 

Weight in Lbs. per Square Foot 

Steel 

Iron 

Brass 

Copper 

odbo 

•454 

18.52 

18.16 

19-431 

20.556 

ooo 

• 4 aS 

* 7-34 

17.00 

18.190 

19.253 

oo 

.380 

15.30 

15.26 

16.264 

17.214 

o 

•340 

13.87 

13.60 

14.552 

15.402 

1 

.300 

12.24 

12.00 

12.840 

13-390 

2 

^284 

11-59 

11.36 

12.155 

12.865 

3 

.aS 9 

10.57 

10.36 

11.085 

11.733 

4 

.238 

9.71 

9.52 

10.186 

10.781 

5 

• 220 

8.98 

8.8o 

9.416 

9.966 

6 

.203 

8.28 

8.12 

8.689 

9.196 

7 

• 180 

7-34 

7.20 

7.704 

8.154 

8 

.165 

6-73 

6.60 

7.062 

7.47s 

9 

•148 

6.04 

592 

6.334 

6.704 

lO 

• 134 

5-47 

5.36 

5-735 

6.070 

11 

• 120 

4.90 

4.80 

5-137 

5.436 

12 

.109 

4-45 

436 

4.667 

4.938 

13 

•095 

3.88 

3.80 

4.066 

4-303 

14 

.083 

3-39 

3 ' 3 » 

3.552 

3 - 7 ^ 

IS 

.072 

2.94 

2.88 

3.081 

3;262 

i6 

.065 

2.65 

2.60 

2.782 

2.945 

17 

.058 

2.37 

2.32 

2.462 

a.637 

i8 

.049 

2.00 

1.96 

2.097 

2.220 

19 

.042 

1.71 

1.68 

1.797 

1.902 

20 

•035 

1-43 

1.40 

1.498 

1.565 


.032 

I- 3 I 

1.28 

1.369 

1.450 

22 

.028 

1.14 

1.12 

1.198 

1.270 

23 

.025 

1.02 

1.00 

1.070 

1.132 

24 

•022 

.898 

.88 

.941 

•997 

25 

•020 

.816 

.80 

.856 

•906 

26 

•018 

•734 

.72 

.770 

.815 

27 

.016 

•653 

.64 

.685 

•725 

28 

•014 

•571 

.56 

•599 

.634 

29 

•013 

•530 

•52 

.556 

.569 

30 

•012 

.490 

.48 

.514 

•544 

31 

•0X0 

•408 


.428 

.453 

32 

.009 

•367 


.385 ■ 

.408 

33 

.008 

- 3*6 


.342 

.362 

34 

•007 

.286 


.3996 

•317 

35 

.005 

• 204 


.214 

•227 

36 

.004 

.163 


.171 

.181 
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TABLE 12. 

Weights op Steel, Wrought Iron, Brass and Copper Plates 


AMERICAN OR BROWN & SHARPE GAGE 


No. 

of 

Gage 

Thinness 

Weight in Lbs. per Square Foot 

Inches 

Steel 

Iron 

Brass 

Copper 

OOOO 

.46 

18.77 

18.40 

19.688 

20.838 

OOO 

•4096 

16.71 

. 16.38 

17.533 

18.557 

OO 

.3648 

14*38 

14*59 

15.613 

16.5*1 

o 

.3349 

i 3 -*<S 

13.00 

13.904 

14-716 

X 

1*893 

11.80 

11-57 

12.38a 

13-105 

a 

.2576 

10.51 . 

10.30 

IT.027 

11.670 

3 

.2294 

9-39 

9.18 

9.819 

10.392 

4 

.3043 

8.34 

8.17 

8.745 

9-255 

5 

.1819 

7.42 

7.28 

7.788 

8.242 

6 

• 1620 

6.6t 

1 6.48 

6-935 

7-340 

7 

.1443 

5-89 

5-77 

6175 

6.536 

8 

.1285 

5*24 

5-14 

5-499 

5-8*1 

9 

.1144 

4.67 

4.58 

4.^8 

5.183 

lO 

.1019 

4.16 

4.08 

4.361 

4.616 

ZI 

•0908 

370 

3-63 

3-884 

4.110 

la 

•0808 

3.30 

3.23 

,3-458 

3.660 

13 

.0720 

2.94 

2.88 

3.080 

3.260 

14 

•0641 

2.62 

2.56 

2-743 

2-903 

15 

•0571 

2-33 

2.28 

2.442 

2.585 

i6 

.0508 

2.07 

2.03 

2.175 

2.302 

17 

.0453 

i.8s 

1.81 

1-937 

2.050 

i8 

.0403 

1.64 

1.61 

1 - 7*5 

1.825 

19 

•0359 

1.46 

1.44 

1-536 

1.626 

20 

.0320 

I- 3 I 

1.28 

1.367 

1.448 

21 

.0285 

1.16 

1.14 

1.218 

1.289 

22 

.0253 

1.03 

1.01 

1.085 

1.148 

33 

.0226 

.922 

•904 

.966 

1.023 

24 

.0201 

.820 

.804 

.860 

.910 

35 

.0179 

.730 

.716 

.766 

•81 z 

26 

.0159 

.649 

.636 

.682 

.722 

37 

.0142 

.579 

.568 

.608 

.643 

28 

.0126 

.514 

.504 

.541 

•573 

39 

.0113 

.461 

•452 

•4B2 

.510 

30 

.0100 

.408 

.400 

.429 

.454 

31 

.0089 

.363 

.356 

.382 

.404 

33 

.0080 

.326 

.320 

.340 

.360 

33 

.0071 

.290 

.284 

•303 


34 

•0063 

.257 

.252 

.269 

•286 

35 

.0056 

•228 

.224 

.240 

•254 

36 

.0050 

•190 

•188 

• 214 

. .226 

37 

.0045 

•169 

•167 

• I9I 

.202 

38 

•0040 

.151 

•149 

.X7O 

•180 

39 

.0035 

.134 

0X32 

.151 

•160 

40 

.0031 

•119 

,1x8 

.135 

.14a 
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TABLE 13. 


Diam. 

of 

Circlet 

D 

Side of 
Square. 
S 

Area of 
Circle or 
Square 

Diam. 

of 

Circlet 

D 

Side of 
Square* 
5 

Axeaof 
Circle or 
Squaira 

Diam. 

of 

Circle* 

D 

Side of 
Square* 
5 

Area of 
Circle or 
Square 

% 

0.44 

0.196 

*>V4 


330.06 

40M 

33.89 

1288.35 

I 

0.89 

0.78s 

ax 


346.36 

41 

36.34 

1320.35 


X.33 

1.7*7 

ai% 


363.03 

41% 

36.78 

1353.65 

2 

1.77 

3.14a 

aa 


380.13 

42 

$ 7.22 

1383.44 


a.aa 

4.909 



397.61 

4aM 

37.66 

1418.63 

z 

a.66 

7.069 

33 

30.38 

413.48 

43 

38. XX 

1452.30 

m 

3.10 

9.6az 

aSM 

ao.83 

433.74 

43% 

38.35 

1486.17 

4 

354 

ia.566 

34 

ax.37 

439-39 

44 

38.99 

1530.53 

4H 

3.99 

IS.904 

>4M 

ax.71 

47X.44 

44M 

39.U 

1333-38 

S 

4.43 

19.63s 

2 S 

aa.i6 

490.87 

45 

39-88 

Z590.43 

5H 

4.87 

83.738 

a5H 

aa.6o 

510.71 

45% 

40.32 

2625.97 

6 

5.3a 

08.874 

36 

23.04 

530.93 

46 

40.77 

2661.90 

CM 

5.78 

33.183 

a6M 

23.49 

551.55 

46M 

4z.az 

1698.33 

7 

8.ao 

38.485 

37 

23.93 

579.36 

47 

41.65 

1734.94 

m 

C.6S 

44.179 

ar% 

24.37 

593.36 

47% 

42. xo 

1773.05 

8 

7.09 

S0.a6s 

as 

84.81 

613.75 

48 

42.54 

1809.56 

CM 

7.53 

36.74s 

a8V9 

83.86 

637.94 

48M 

43.98 

1847:43 

9 

7.98 

63.617 

29 

25.70 

660.52 

49 

43.43 

1883-74 

9Mt 

8.4a 

70.88a 

29% 

26.14 

683.49 

49% 

43.87 

1934-43 

10 

8.86 

78.540 

30 

86.39 

706.86 

50 

M.3X 

1963.50 

xeV9 

9.3X 

86.590 

30% 

27.03 

730.6a 

50% 

^.75 

3003.96 

IX 

9.75 

95.033 

31 

27.47 

754.77 

51 

45.20 

2043.83 

isVi 

X0.Z9 

103.87 

31% 

27.92 

779.31 

51% 

45.64 

2083.07 

xa 

ZO.64 

113.10 

32 

28.36 

804.25 

52 

46.06 

2x33.72 

xaH 

XX .08 

zaa.7a 

32% 

28.80 

839.58 

52% 

46.53 

2x64.75 

13 

xx.sa 

X3a.73 

33 

29.25 

855.30 

53 

46.97 

2206.18 

13^ 

XX. 96 

143.14 

33%, 

39.69 

881.41 

53% 

47.4X 

2248.01 

X4 

za.4x 

153.94 

34 

30.X3 

907:92 

54 

47.86 

2200.22 

X4V4 

xa.85 

165.13 

34% 

30.57 

934.82 

54% 

48.30 

2332.83 

15 

X3.a9 

176.V1 

35 

3X.02 

963.XZ 

55 

48.74 

2375.83 

X5V9 

13.74 

188.69 

35% 

31.46 

989.80 

55% 

49.19 

2419.22 

x6 

X4.X8 

aoz.o6 

35 

31.90 

10X7.88 

56 

49.63 

2463.OX 

x8^ 

14.6a 

az3.8a 

36% 

32.35 

1046.55 

S6% 

50.07 

2907.19 

IT 

15.07 

aa6.98 

37 

32.79 

1075.21 

57 

50.51 

2551.76 

I7V9 

is.sx 

i 940.53 

37% 

33.23 

XX04.47 

57% 

50.96 

2596.72 

X8 

1595 

154.47 

38 

33.68 

1134.11 

58 

51.40 

2642.0B 

m 

16.40 

a68.8o 

38% 

34.xa 

1x64.16 

58% 

5x84 

9687.83 

19 

16.84 

383.53 

39 

34.56 

1X94.59 

59 

52.29 

9733.97 

19^ 

Z7.a8 

396.65 


35.01 

xaa5.42 

9w7w 

52.73 

9780.51 

90 

17.7a 

314.x6 

40 

35.45 

2556.64 

60 

53.17 

2827.43 
















TABLE 14. 


Gauge Numbers and Millimeter Equivalents 


Istuae No. 


Birmlnoham or Stubs 



Inches 

M/nfiffrnnTBl 

000000 


14.732 



00000 

*5165 

13.119 




.4600 

11.684 

.454 

11.633 


.4096 

10.404 

.425 

10.795 

00 

.3648 

9.266 

.880 

9.652 

0 

.3249 

8.252 

.340 

8.636 

1 

.2893 

T.348 

.300 

7.620 

2 

•2576 

6.543 

.284 

7.214 

8 

.2294 

6.827 

.259 

6.579 

4 

.2043 

5.189 

.238 

6.045 

5 

.1819 

4.620 

.220 

5.588 

6 

.1620 

4.115 

.203 

5.156 

7 

.1443 

3.665 

.180 

4.572 

8 

.1285 

3.264 

.165 

4.191 

0 

.1144 

2.906 

.148 

3.759 

10 

.1019 

2.588 

.134 

3.404 

11 

.09074 

2.305 

.120 

3.048 

12 

.08081 

2.053 

.109 

2.769 

13 

.07196 

1.828 

.095 

2.413 

14 

.06408 

1.628 

,083 

2.108 

16 

.06707 

1.450 

.072 

1.829 

16 

.05082 

1.291 

.065 

1.651 

17 

.04526 

1.150 

.058 

1.473 

18 

.04030 

1.024 

.049 

1.245 

19 

.03589 

.912 

.042 

1.067 

20 

.03196 

.812 

.035 

.889 

21 

.02846 

.723 

.032 

.813 

22 

.02535 

.644 

.028 

.711 

23 

.02257 

.573 

.025 

.635 

24 

.02010 

.511 

.022 

.559 

25 

.01790 

.455 

.020 

.508 

26 

.01594 

.405 

.018 

.457 

27 

.01420 

.361 

.016 

.406 

28 

.01264 

.321 

.014 

.356 

29 

.01126 

.286 

.013 

.330 

30 

.01003 

.255 

.012 

.305 

31 

.008928 

.227 

.010 

.254 

82 

.007950 

.202 

.009 

.229 

33 

.007080 

.180 

.008 

.203 

34 

.006305 

.160 

.007 

.178 

85 

.005615 

.143 

.005 

.127 

36 

.005000 

.127 

.004 

.102 

37 

.004453 

.113 



38 

.003965 

.101 



30 

.003631 

.090 



40 

.003145 

.080 



41 

.002800 

.071 



42 

.002494 

.063 



43 

.002221 

.056 



44 

.001978 

.050 
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TABLE 15. 

X gallon ajx cu in. i cu ft » 7.4805 gal 


Diam¬ 
eter in 
inches • 

For 1 ft in 
length 

Diam¬ 
eter in 
inches 

For X ft in 
length - 

Diam¬ 
eter in 
inches 

For I ft in 
length 

Cuft, 
also 
area in 
sqft 

U.S. 

gal 

231 
cu in 

Cu ft. 
also 
area in 
sq ft 

u. s. 

gal. 
231 
cu in 

.Cu ft, 
also 
area in 
sq ft 


H 

0.0003 

0.0025 

6 H 

o.aass 


19 

1.969 

14.73 

Me 

.0.0005 

0.0040 

7 

0.3673 


19W 

2.074 

15.51 

H 

0.0008 

0.0057 

7 M 

0.2867 


20 

2.182 

16.32 

Me 

0.0010 

0.0078 


0.3068 


20H 

2.292 

17.15 

H 

0.0014 

0.0102 


0.3276 

2.450 

21 

2.405 

* 7.99 

Me 

0.0017 

0.0129 

8 

0.3491 

2.611 

3 lH 

2.52X 

18.86 

M 

0.0021 

0.0159 

8H 

0.3712 

2.777 

22 

2.640 

1975 

»He 

' 0.0026 

0.0193 


0.3941 

3.948 

22M 

2.761 

20.66 

H 

0.0031 

0.0230 

m 

0.4176 

3.12s 

23 

2.885 

21.58 

•Ma 

0.0036 

0.0269 

9 

0.4418 

3.305 

23M 

3.012 

22.53 

'•A 

0.0042 

0.0312 

9 H 

0.4667 

3.491 

24 

3.142 

23.50 

»Me 

0.0048 

0.0359 

. 9 ^ 

0.4022 

3.682 

as 

3.409 

25.50 

X 

o.ooss 

0.0408 

9 H 

0.5185 

3.879 

26 

3.687 

37.58 

iH 

0.0085 

0.0638 

10 

OS 4 S 4 

4.080 

27 

3.976 

39.74 


0.0123 

0.0918 

loH 

0.5730 

.4.286 

28 

4.376 

31.99 

iM 

0.0167 

0.1249 

loH 

0.6013 

4.498 

29 

4.587 

34.31 

2 

0.0218 

0.1632 

loM 

0.6303 

4.715 

30 

4.909 

36.72 

' 2 H 

0.0276 

0.2066 

11 

0.6600 

4.937 

31 

5.241 

39.2X 

2 M 

0.0341 

0.2550 

iiVi 

0.6903 

5.164 

32 

5 .585 

41.78 

sM 

0.0412 

0.308s 

IIW 

0.7213 

S.396 

33 

5 .940 

44.43 

3 . 

0.0491 

0.3672 

iiM 

0.7530 

5.633 

34 

6.30s 

47.16 


0.0576 

0.4309 

12 

0.7854 

5.875 

35 

6.681 

49.98 

3 Vi 

0.0668 

0.4998 

12M 

0.8522 

6.375 

3 ? 

7.069 

52.88 

3 M 

0.0767 

0,5738 

13 

0.9218 

6.895 

37 

7.467 

55.86 

4 

0.0873 

0.6528 

X 3 W 

0.9940 

7.436 

38 

7.876 

58.92 

4 M 

0.0985 

0.7369 

14 

I.O^ 

7.997 

39 

8.296 

62.06 

4 ^ 

O.II 34 

0.8263 

X 4 H 

I.I470 

8.578 

40 

8.727 

65.28 

4 M 

0.1231 

0.9206 

15 

1.2270 

9.180 

41 

9.168 

68.58 

5 

0.1364 

X.0200 

ISH 

X.3IOO 

9.801 

42 

r 9.621 

71.97 

SH 

0.1503 

I.1250 

16 

1.3960 

10.440 

43 

10.085 

75.44 

SH 

0.1650 

1.2340 

16H 

1.4850 

II. no 

44 

10.559 

78.99 

SM 

o.'i 8 q 3 

1.3490 

17 

1.5760 

11.790 

45 

11.045 

82.62 

6 

0.1963 

X.4690 

nH 

X.6700 

12.490 

46 

II .541 

86.33 


0..2131 

I .5940 

18 

X.7680 

13.220 

47 

12.048 

90.13 

6 H 

0.2304 

.1.7240 

18^6 

1.8670 

13.960 

48 

12.566 

94.00 


* Actual. 
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TABLE 16. 

Xfumber of XT. S. O^Uons in XtectaagiiUur Tank* 
For One Foot in Depth 
z cu ft 7.4B0S gal 


Width, 


length of tank, it 


ft 

D 

B 

3 

3.5 

4 

4 $ 

5 

55 

6 

6.5 

7 

2' 

29.92 

37.40 

44.88 

52.36 

59.«4 

67.32 

74.81 

82.29 

89.77 

97.25 

104.73 

2.S « 

.. 

46.7s 

S6.io 

65.45 

74.80 

84.^6 

93.51 

102.80 

112.21 

121.56 

130.91 

3 



67.32 

78.54 

89 77 

100.99 

112.21 

123.43 

134.6s 

145.87 

157.09 

35 



.... 

91.64 

104.73 

117 82 

130.91 

144.00 

157.09 

170.18 

183.27 

4 



• • • • 

. 

119.C9 

134.65 

149.61 

164.57 

179 53 

194.49 

209.45 

4 5 





.... 

151.48 

168.31 

185.14 

201.97 

218.80 

235.63 

5 



.... 

«... 


.... ' 

187.01 

205.71 

224.41 

243.11 

261.82 

55 




.... 


.... j 

.... 

226.28 

246.86 

267.43 

288.00 

6 




.... 

.... 



.... 1 

269.30 

291.74 

314.18 

6.S 

. 


.... 

.... 





.... 

316.05 

340.36 

7 

V... 

•** 

.... 

.... 


.... , 

1 

.... 


.... 

366.54 


Length of tank, ft 


XWdth,' 


ft 

B 

8 

8.S 

9 

95 

10 

lo.s 

zz 

Il.S 

12 

2 

112.21 

119.69 

127.17 

134.65 

142.13 

149.61 

157.09 

164.57 

172.05 

179 53 

2.5 

140.26 

149.61 

158,96 

168.31 

177.66 

187.01 

196.36 

205.71 

215.06 

224.41 

3 

168.31 

179.53 

190.75 

202.97 

213.19 

224.41 

235.63 

246.86 

258.07 

269.30 

35 

196.36 

209.45 

222.54 

235.63 

248.73 

261.82 

274.901 

288.00 

301.09 

314.18 

4 

224.41 

239-37 

254.34 

269.30 

284.26 

299.22 

314.18 

329.14 

344.10 

359.06 

4.5 

252.47 

269.30 

286.13 

302.96 

319.79 

336.62 

353.45 

370.28 

387.11 

403.94 

5 

280.52 

299.22 

317.92 

336.62 

355.32 

374.03 

392.72 

411.43 

430.13 

448.83 

5.5 

308.57 

329.14 

349.71 

370.28 

.390.85 

411.43 

432.00 

452.57 

473.14 

493 71 

6 

336.62 

359.06 

381.50 

403.94 

426.39 

448.83 

471.27 

493.71 

316.1s 

538.59 

6.S 

364.67 

388.98 

413.30 

437.60 

461.92 

486.23 

510.54 

534.8s 

550 .16 

583.47 

7 

392.72 

418.91 

445.09 

471.27 

497.45 

523.64 

549.81 

575.00 

602.18 

628.36 

7 .S 

420.78 

448 . 83 i 

476.88 

504.93 

532.98 

561.04 

589.08 

i 617.14 

645,19 

673.24 

S 

«... 

478.75 

508.67 

538.59 

568.51 

598.44 

628.36 

658.28 

688.20 

718.12 

s.s 

.... ^ 

.... 

540.46 

572.25 

604.05 

635.84 

667.63 

1 690.42 

731.21 

703.00 

9 



.... 

605.92 

639.58 

673.25 


740.56 

774.23 

807.89 

9-5 


' .... 

.... 


675.11 

710.65 

746.17 

781.71 

817.24 

852.77 

40 

.... 

• • •. 

• • •« 



748.05 

785.45 

822.86 


897.66 

10,5 


• • ■. 

.... 

..... 



824.73 

864.00 


942.56 

xz 

.... 

.... 

.... 





905.14 


987.43 

XX .5 

.... 

.... 

• * •. 





. ... 


1032.3 

la 

..... 


.... 





.... 


roT 7.2 


7o find weight of water in pounds at 62 * F., multiply the number of gallons 

by 

References.— OSNBRAL Mutal Work by Alfred B. Grayehon and Thr FouxrDRR’e 
Manuai. by David W. Payne, both books publiBhed by the D. Van Noetrand Company, 
contain additional material on sheet metal work. 
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ELECTRICITY 

Electricity has more useful and universal application than any 
other natural phenomenon, and the end of the range of its appli* 
cations is not yet in sight. Its increasing importance need not be 
emphasized here, but it is significant to note that many even 
recent developments have been the result of new study of the 
fundamental principles of the subject. It is also significant that 
the applications of electricity which enter into the daily life of the 
average person range from the simple heating elements and the 
dry cell which operates the door bell, to the more intricate motors 
and vacuum tubes. 

Hence, it is important for the practical man to understand the 
fundamental principles of the subject in order to appreciate the 
rules which have been laid down for the applications. This sec¬ 
tion devotes a substantial amount of space to these fundamentals 
and with each step shows how they are applied and how the cal¬ 
culations pertaining to them are made. 

The Nature of Electricity.—Electricity is, as we have sug¬ 
gested, a phenomenon of nature. It exists all about us like the 
air we breathe, but why it exists or what it actually is, we are 
unable to say. We do know, however, something of what it can 
do and how it acts under certain conditions, and that is the more 
important concern in adapting it to the uses of mankind. Since 
electricity already exists, it is obAdous that we cannot create it. 
We can, however, create a flow of electricity as we create a flow 
of water through a pipe by means of a pump. This flow or current 
of electricity is created by mechanical, thermal, or chemical means. 
The energy of these agents is transformed into electrical energy 
capable of doing work. The work of the man dealing with eleo* 
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tricity may be epitomized as the proper control of electrical energy 
while performing useful service. 

Units. To cause a current of electricity to flow, there must 
be a pressure. This is known as electromotive force and is meas¬ 
ured in volts) it is therefore often referred to as voltage. The cur¬ 
rent flow is measured in amperes and the resistance to such a flow 
is measured in ohms. These am the fundamental units, and they 
are defined as follows: 

A volt is a unit of electrical pressure or potential difference (pd) 
or the electromotive force (emf) required to cause a current of one 
ampere to flow through a resistance of one ohm. 

An ampere is a unit of current f>trength, or the quantity of 
flow, or the quantity of current which will flow through a resistance 
of one ohm under an electromotive force of one volt. 

An ohm is a unit of resistance, or the resistance of a conductor 
through which a current of one ampere will pass under an electro¬ 
motive force of one volt. 

Thus the three units depend on one another. One of the three 
must therefore be stated independently, and this one is the ohm. 
The ohm is usually defined as the resistance of a certain conduc¬ 
tor of a particular material, size and form. 

Ohm’s Law.—This is a statement of the relation between 
volts, amperes and ohms. It may be expressed as 

E E 

I — or E = IR, or R = 

R 

where I = current in amperes 

E — electromotive force in volts 
R = resistance in ohms 

These are the standard algebraic letter symbols and are not 
to be confused with the abbreviations for these quantities. 

IiiliXTSTBATiON: How many amperes of current are flowing in a 
circuit with a resistance of 25 ohms when the pressure is 110 volts? 

P 110 

I = I = — = 4.4 amperes (Ans.) 

R 25 
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Illustbation: A circuit has a resistance of 200 ohms. What 
is the applied pressure when 0.03 ampere of current is flowing? 

E — IR, E = 200 X 0.03 = 6 volts (Ans.) 


O.OS amperes 


Motor 
26 ohms 


Xl^oolta 


200 ohms 

0q; 



Fig. 1. 


Fig. 2. 


Electric Circuits 


Series Connections.—Two or more pieces of electrical appara¬ 
tus in a circuit one after the other are said to be in series. 

The resistance of a series combination in a circuit is the sum of 
(he resistances of the separate parts. 

Current through a series combination is the same as the current 
through each part. 

Voltage across a series combination is the sum of the voltages 
across separate parts. 

Illustration: It is desired to use 110- volt lights in a street 
car which operates on a current of 550 volts. How many lights 
must be placed in series? 

By the last rule above, the voltage across a series combination 
is the sum of the voltages across separate parts. 

Number of lights (separate parts) = = 5 lights (Ans.) 



T 

550 

oolta 

1 


Ri-5 ohtns 


^2^25 ohma 
Fig. 4. 


710 oolta 

r~ 


Fia. 3. 
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Illtstration : A 110-volt circuit has a resistance of 6 ohms 

and a resistance R 2 of 25 ohms. What current flows through it? 


Total resistance = iZi i ?2 


/ = 


no 

+ R2 


no r ^ 110 

5 + 25’ ^ ~ 30 


3.67 ani[>eres (Ans.) 


Illustration: A current of 4 amperes flows through the cir¬ 
cuit in Fig. 5. What is the voltage at the temiinals? 

Volts across 8-ohm resistance = 4 X 8 = 32 volts 

Volts across 30-ohm resistance = 4 X 30 = 120 volts 

Volts across 15-ohm resistance = 4 X 15 = 60 volts 


Volts across circuit at terminals 


= 212 volts (Ans.) 


8 ohma 


2 ohma 



L_ 

1 

BS V 
Ohma ^ 

1 

r 

_J 


75 ohma 

Fig. 5. 


2 ohma 
Fig. 6. 


178 

\oolta 


Illustration: In Fig. 6 a generator is producing an electric 
current with a pressure of 188 volts. An arc light on the circuit 
has a resistance of 85 ohms and the resistance of each wire leading 
to it is 2 ohms. What is the voltage at the lamp terminals? 


Total current 

E 118_ 

El + h!2 + “ 2 + 85 + 2 ' 

Volts lost through Ri = 1.3 X 2 
Volts lost through R 3 = 1.3 X 2 


118 

89 


= 1.3 amperes 


= 2.6 volts 
= 2.6 volts 


Total potential drop through wires = 5.2 volts 
Voltage at lamp terminals then = 118 — 5.2 = 112.8 volts (Ans.) 
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Parallel Connections.—Two or more pieces of electrical appara¬ 
tus in a circuit so connected that the current is divided between 
them are said to be in parallel. 

The resistance of a parallel circuit is the reciprocal of the sum of 
the reciprocals for the various resistances. This joint resistance is 
less than any branch resistance. 

Because mathematical difficulties arise when finding joint resist¬ 
ance by using reciprocals, another method is to find the product 
divided by the sum of two resistances at a time. This is explained 
later. 

The current through a parallel circuit is the sum of the currents 
through the separate branches. 

Voltage across a parallel circuit is the same as the voltage across 
each branch. 


Illustration: What is the joint resistance of the circuit shown 
in Fig. 7? 

By the rule, the joint resistance is the reciprocal of the sum of 
J^vvvvwwwvs reciprocals of the parts, or 

R Ri Rz R3 

r.,. 1 111,,. 

Then, » = 7 ;; + o + «> reducmg to common 
12 o 3 


72 ohma 

I-aa/vwvwwH 

8 ohms 


-WWVVWWVH 


3 ohms 


n r 

Fw. 7. 


R 

denominator, 


“ 24 24 24 ~ 24 


R is then the reciprocal of H or f| which reduces to 1,85 
ohms (Ans.) 

The problem can be set up in one equation as follows: 


Joint resistance = 


1 

2 + 3 + 8 



13 


= 1.85 ohms 


(Ans.) 
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Joint Tosistanco of the same circuit found by the product over 
the sum method: 


Joint resistance of 12 ohms and 8 ohms = 


12X8 
12 + 8 


Joint resistance of 4.8 ohms and 3 ohms 


96 

20 


= 4.8 ohms 


4.8 X 3 
4.8 + 3 


14.4 

— — = 1.86 ohms (Ans.) 

/ .O 




Illustration: A current is floiving in the circuit shown in 
Fig. 8 under a pressure of 100 volts. How great is this current? 

Current flowing through 20 -ohm 

resistance.= = 5 amperes 

Current flowing through 50-ohm 

resistance.=W= 2 amperes 

Current flowing through 25-ohm 
resistance.=W = _4 amperes 

Current through the combination.. = 11 amperes (Ans.) 

Illustration: What is the total or joint resistance of the 
above circuit? 

According to the rule, | ^ + ^ 3 - 

1 _JL i- 1 _ 5 + 2 + 4 11 

" 20 ^ 50 ^ 25 ~ 100 100 

and, joint resistance R = -W* ~ ohms (Ans.) 
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Illustration: The circuit in Fig. 9 has two lamps with resist¬ 
ances of 200 ohms each and one lamp with a resistance of 150 
ohms. What is the joint resistance of the combination and total 
current if the pressure is 110 volts? 

Current flowing through each 200- 
ohm lamp.= = 0.55 ampere 

Current flowing through 150-ohm 

, 110 

lamp. = = 0.73 ampere 

150 

Currentthrough the combination.. = 0.55 + 0.55 + 0.73 = 1.83 

amperes 

Resistance of the circuit.= = 60.1 ohms (Ans.) 

1.83 


Series-Parallel Connections.—In many actual installations 
electrical apparatus instead of being in a simple parallel or series 
connection, is in a combination of these. 

In a series-parallel circuit each part must be considered separately 
when computing the current^ voltage and resistance of the entire 
circuit. 


Illustration: In the circuit shown in Fig, 10 a string of 
110-volt lamps is connected to a 220-volt cii-cuit. Two lamps are 

placed in series and each set of two is 
in parallel in the circuit. What is the 
total current if the resistance of each 
lamp is 200 ohms? 

The resistance of each set of two 
lamps in series = 200 + 200 = 400 ohms. 



Fig. 10. 


The current flowing through each set of two-series lamps is, 

= 0«55 ampere 

Since there are four identical sets in parallel the total current 
of the circuit is, 


4 X 0.55 = 2.2 amperes (Ans.) 






ELECTRICITY 


685 


Ii-lustration: In the circuit shown in Fig. 11, what is the 
total resistance and the total current? 

Resistance of the parallel combination = 

__i_1 _ 1 48 

A + A A + A'a'T 

Total resistance of the circuit .. = 9.6 -f 30 + 10 = 49.6 ohms 

(Ans.) 

Total current. = — q ampere fAns.) 


70 ohm*. 


h 


to n/ims 
HWMhi 


24 ohms 


Fig. 11. 
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Line Drop.—Wire usod in electirc 
circuits ojBfers a certain resistance to 
the passage of the electric current 
and results in loss of pressure or I: 
voltage which must often be taken || 
into account. The amount of the 
resistance varies with the material 
and the temperature of the con¬ 
ductor. This will be treated more 
specifically in a later section. Now 
we are concerned only with the computation of typical ** line 
drops. 

The loss of voltage is equal to the 'product of the current flowi'ng in 
a conductor and the resistance of the conductor between any two points. 


,0.7 ampere 


0.3 ohm 



0.7 ampere 




0.8 ohm 


Fig. 12. 


Illustration: Two lamps shown in Fig. 12 each require 0.7 
ampere of current. It is desired that they operate at 110 volts. 
What voltage must the generator produce if the resistance of each 
conductor is 0.8 ohm? 
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Amperes in the circuit = 2 X 0.7. = 1.4 amperes 

Volts lost in upper wire = 1.4 X 0.8.= 1.12 volts 

Volts lost in lower wire = 1.4 X 0.8.= 1.12 volts 

Volts required across lamps. = 110.00 volts 

Voltage which must be produced at £he 
generator. 112.24 volts (Ans.) 

C 0.3 ohm B 0,5 ohm A 


C 0.3 ohm B 0.5 ohm A 



Q 0,3 ohm E 0.5 ohm F 

Fig. 13. 


Illustration: In the circuit shown in Fig. 13, each lamp 
takes 0.5 ampere of current. What is the voltage drop between 
A and JB, B and C, D and E, and E and F? 


Current through J5J5 = 2 X 0.5 = 1.0 ampere 
Current through CD = 0.5 ampere 

Current through AB and EF = 1.5 amperes 

Line drop A to J? = 0.5 X 1.5 = 0.75 volt (Ans.) 

Line drop E to F = 0.5 X 1.5 = 0.75 volt (Ans.) 

Line drop to C = 0.3 X 0.5 = 0.15 volt (Ans.) 

Line drop D to E — O.S X 0.5 = 0.15 volt (Ans.) 



Fig. 14. 


Illustration: In the circuit shown in Fig. 14 find the resist¬ 
ance of the line between the generator and the lamps if each lamp 
takes 0.6 ampere of current and the motor 3.2 amperes. 
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Loss of voltage between generator and lamps 

= 118 — 112 = 6 volts 
Loss of voltage in each wire = f = 3 volts 

Total amperes in line AB = 1.8 + 3.2 = 5 amperes 

"F 3 

Resistance of line AB = -^ = - = (J.60 ohm 

I 5 

Resistance of both lines AB and DC = 0.60 X 2 = 1.2 ohm 


Electric Insulators and Conductors.—Resistance has been 
defined as opposition to the flow of electricity. Some materials or 
substances do not permit the passapcc of electricity through them 
at all, and are called imsulaiors. Such materials as glass, porce¬ 
lain, dry wood, paper, wax, rubber, most gases, many liquids and 
minerals, etc., are insulators. These materials are used to cover, 
separate, or support parts of electrical apparatus and circuits to 
prevent the escape or undesired flow of electricity. 

Substances which allow the passage of electricity are called 
conductors. Most metals and some liquids, gases and minerals 
are conductors. Conductors which require high electric pressure 
(voltage) to send an electric current through them are said to be 
poor conductors, or to have high revsistance. Otherwise, they are 
said to be good conductors, or to have low resistance. 

Most metals are good conductors, the best (those of lowest 
resistance) among the common metals being silver, copper, gold, 
aluminum, tungsten, zinc, and brass, in the order named. Of 
these copper is the most plentiful and consequently the most 
used. 

The resistance of a conductor varies with its temperature, 
increasing as the conductor is heated and decreasing as it is 
cooled. The resistance of a particular conductor of any one mate¬ 
rial depends also upon the size and shape of the conductor. 

For most purposes conductors in the form of wires or rods are 
used. The calculations of resistances and sizes of wires form an 
important subject in themselves and are dealt with in the following 
section. 
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Electrical Measuring Instruments 


Current and Voltage.—A voUmeter is an instruinent which 
shows the electromotive force impressed upon its terminals. 



From ** Electrical Engineering,** by L. A. Haxeltine. Reproduced by special permlssio 
of The Macmillan Company, publishers. 

Fig. 15.—^Typcs of Voltmeter, Ammeter and Wattmeter. 
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An ammeter is an instrument which shows the strength of the 
current flowing through it. 

The different types of voltmeters and ammeters are illus¬ 
trated in Fig. 15. The similarity in construction and i»inciple 
of operation of the two meters will be noted in the case of 
one type which is based on the D’Arsonval galvanometer. It 
consists fundamentally of a coil mounted on a pivot placed 
between the poles of a horseshoe magnet. When a current 
flows through the coil, the coil has a magnetic field and attempts 



Flo. 16.—‘A Direct Current Milliammeter; 


to turn so that its lines of force are in line with those of the 
horseshoe magnet. A pointer attached to the coil moves along a 
graduated scale. 

In an ammeter the angle through which the coil turns is 
proportional to the strength of the current. Doubling the 
strength of the current makes the coil turn through twice as 
great an angle. An ammeter may be constructed and calibrated 
to measure thousandths of an ampere. Such an instrument 
is known as a milliammeter. The prefix “ milli always means 
one-thousandth. 

To convert amperes into miUiamperes, multiply by 1000. 
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Illustration: How many milliamperes are 0.055 ampere? 

0.055 X 1000 = 55 milliamperes (Ans.) 

An ammeter must always be connected on one side of a circuit 
in series with one conductor, so that all of the current passes 
through it. Never connect an ammeter across the line, 

A voltmeter differs from an ammeter chiefly in that it has a 
high resistance in series with the coil and that its scale is, of course, 
calibrated for volts. A voltmeter measures the voltage or fall of 
potential between the two points to which it is connected. It 


7.5 ohmB 




Fig. 17,—Measuring Current and Fig. 18. 

Voltage of an Electric Light Bulb. 


should therefore be connected across the line, not in the line. A 
voltmeter may be calibrated to measure millivolts and it is then 
known as a millivoltmeter. 

To convert volts into millivolts, multiply by 1000. 

Illustration: How many millivolts are 0.28 volt? 

0.28 X 1000 = 280 millivolts (Ans.) 

Illustration: In the circuit shown in Fig. 18 the battery 
generates current at a pressure of 4.224 volts. What is the current 
flowing through the circuit and what is the potential drop through 
the meter in millivolts? 
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Total resistance of circuit = 1000 + 200 + 1.5 = 1201.5 ohms. 
E 4.224 

/ = — I — - = 0.0035 ampere (Ans.) 

tt IzUl.o 

Potential drop through meter ^ IR 0.0035 X 1.5 ~ 0.00525 
0.00525 X 1000 = 5.25 millivolts (Ans.) 

Resistance.—The simplest method of measuring resistance is 
by the use of an ammeter and a voltmeter. It is necessary only 
to obtain the voltage and the current and then apply Ohm's Law, 




AMMLTLR. 



Fig. 20.—^Two Light Bulbs in 
Parallel. Measuring Resistance 
of One. 


Illustration : In the partial circuit shown in Fig. 19 the poten- 
tial measures 110 volts and the current 0.7 ampere. What is the 
resistance of the light? 



K = i— = 157 ohms (Ans.) 
0.7 


Illustration: If the potential measures 110 volts and the 
current is 0.5 ami)ere, what are the resistances of the two Hghts in 

Pig. 20? 



692 HANDBOOK OF APPLIED MATHEMATICS 


Inspection will reveal that the ammeter measures only the 
current used by the right-hand bulb. The resistance of 
this bulb is, therefore, 

R = ^ = 7 ^ = 220 ohms (Ans.) 

/ 0.5 

The resistance of the left-hand bulb if the same size as the 
other, will also take 0.5 ampere and would have the same 
resistance. 

The Wheatstone bridge is the most accurate instrument for 
measuring resistances. It consists essentially of a device for 
providing two parallel paths for an electric current to pass 
through as shown in Fig. 21. The unknown resistance (Ri) 
is inserted into one of the paths and the two paths are then 
so balanced with known resistances R 2 , Rs, and Rt that an 
equal amount of current passes through each path. This state 
is detected by closing the key to the galvanometer on line be. 
The galvanometer needle will remain stationary when the circuits 
are balanced. 

However, 722, Rs, and R 4 varied until the galvanometer needle 
is at zero. Then the voltage drop from a to 6 is the same as from 
a to c, and from 5 to d is the same as from c to d. 

Expressed mathematically: 

Let I — amperes in the line from the battery 

Ix = amperes in Ri and R 2 branch 
ly = amperes in R 2 and Ri branch 

Then for balance, or when the needle is at zero 

Rih = Rsly (1) 

R 2 I. = Rily (2) 


and 



ELECTRICITY 


Dividing equation 1 by equation 2 



Rih 

— 


Rzh 

R^Iy 

whence 




Rz 

R^* 

and 

Ri 

R 2 RZ 

R4_ 



Illustration: What is the value of R\ if Rz = 1000 ohms. 
Rz — 783 ohms, and R^ = 100 ohms? 


Ri = 

Ri = 


R2RZ 

Ri 

1000 X 783 


= 7830 ohms (Ans.) 


100 
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The Wheatstone bridge is made up in a variety of forms for 
commercial testing, one of which is shown in Fig. 22. 



Fig. 22.— Dial Type Wheatstone 

Bridge or Testing Set. Fig. 23. —Weston Ohmmeter. 


An ohmmeter is an instrument for the direct measurement of 
electrical resistances. It is based on the 
principles of the Wheatstone bridge. 

Electrical Heat,—Heat is generated by 
the passage of electricity through a conduc¬ 
tor, and the amount of heat so generated can 
be measured by a calorimeter such as that 
shown in Fig. 24. In this device a coil of 
wire of known resistance is immersed in a 
known weight of water, and the resulting rise 
in temperature of the water is measured. 
It has been determined experimentally from 
such an apparatus that one ampere flowing 
through one ohm for one second always de¬ 
velops 0.24 calorie of heat—a calorie being 
the amount of heat required to raise the 
Fig. 24.--€alorimeter. temperature of one gram of water one degree 
centigrade. 

To find the amount of heat developed in a conductor in calories: 
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MvUiply 0.24 tifnes the resistance of the conductor by the square 
of the current and by the time {in seconds) that the current flows: 

H = 0.24 XPXRXt 

Illustration: What is the amount of heat given off per hour 
by an incandescent lamp of 220 ohms resistance, which uses 0.6 am¬ 
pere of current? 

H = 0.24 X (0.5)2 X 220 X (60 X 60) 

H = 0.24 X 0.25 X 220 X 3600 = 47,520 calories (Ans.) 

Light Intensity.—The luminous intensity of sources of light is 
expressed in terms of candlepower and the intensity of any electric 



Fig. 25.—Photometer. 


light may be determined by comparison with the flame of the 
international standard candle maintained by the Bureau of 
Standards at Washington. This candle is seven-eighths of an 
inch in diameter, weighs one-sixth pound and bums at a rate of 
120 grains per hour. It is a spermaceti candle with a wick of 

cotton braid. ... . j u 

The candlepower of an electric lamp can be determmed by an 
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apparatus known as a pfu^mieter. This consists essentially of a 
scale with provision for mounting a standard candle at one end 
and the light of unknown intensity at the other. A paper screen 
with a grease spot in its center is moved along the scale until the 
grease spot is seen with equal distinctness on each side of the 
screen. 

The candlepowere of two lights in a photometer are directly pro¬ 
portional to the square of their distances from the screen. This may 
be set up as a proportion as follows: 

h {DiT 

h (Da)* 

when 1 1 = luminous intensity of one light 
/a = luminous intensity of second light 
Di = distance between first light and screen 
Da = distance between second light and screen 



ItiiTJSTRATiON: In Fig. 26 an electric light is compared with a 
standard candle of one candlepower. What is the intensity of 
the light bulb if Di ^ 15 inches and Da = 65 inches? 

h = 1. Then, 

1 (15)2 (65)2 4225 

/a (65)2 2 - 225 

7a « 18.8 candlepower (Ans.) 

Electrical Work and Power 

Force.—^Force may be defined as that which changes or tends 
to change the state of motion of a body. We immediately reoog- 
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nize a number of applications of the common conceptions of force 
which fall within this definition. A pitcher exerts a force on a 
ball and causes it to fly through the air. The catcher exerts a force 
which arrests the motion of the ball. The batter trananits a 
force through the bat which causes a change in direction in the 
fligh t of the ball. The batter may« lean on his bat and exert a 
considerable force on it without any motion resulting from this 
force. 

Force is manifested in seveial different forms. There is the 
force of gravity resulting from the attraction between the earth 
and other bodies; tmiscular force, such as exerted by a horse pull¬ 
ing a wagon; and mechanical force, such as that exerted by a loco¬ 
motive pulling a train. When dynamite breaks up rock in a 
quarry the action is due to chemical force, a force which tends to 
produce a flow of electricity is electromotive force) and the attrac¬ 
tion between a magnet and a piece of iron is rruigrieto-rnecfuinical 


force. 

The ordinary unit of force is the pound. 

Mass and Weight.—The mass of a body is the quantity of 
matter in it. The weight of a body is the force exerted by gravity 
on the mass of the body. A baU of iron may weigh five pounds 
at sea level, but if it is taken to an altitude of seven miles in a 
balloon, the gravitational force on it will be much decreased and 
hence it will weigh less. However, the mass will in both cases 


be the same. 

The unit of weight is the pound. 

_Work is done when force overcomes a resistance and 

moves a body on which it acts. Work is force acting through s^e. 
The amount of work done is measured by the pn^uct of the 
magnitude of the force and the distance through which it acts. 

Hence, 

work = force X distance 


work = pounds X feet = foot-pounds. 

takes a force of 125 pounds to puH a oabte 


IxjLUSTbation: It 
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through a conduit. What work is done if a section between two 
manholes 200 feet apart is pulled through? 

Work = F X D = 125 X 200 = 25,000 foot-pounds (Ans.) 

Illustration: A man weighing 150 pounds climbs to the top 
of a 22-foot telegraph pole. What work is done? 

Work = F X D == 150 X 22 = 3,300 foot-pounds. (Ans.) 

It must be noted that work is not always done when a force 
acts. For instance, if a man exerts all of his force to lift a 500- 
pound weight, no work is done if the resistance is not overcome 
and no motion results. 

We have seen that force manifests itself in several different 
forms. There is a corresponding variety of work. A steam engine 
does work when it operates a derrick; dynamite does work when 
it throws stone through a distance; a gasoline engine does work 
when it propels an automobile; chemical action in a battery sets 
up a force which causes an electrical current to flow. However, 
whether the work is done mechanically, chemically, thermally, or 
electrically, it can be expressed in foot-pounds. Work done takes 
no account of time. A man may lift a 25-pound weight two feet 
in a minute or in an hour. The work done in each case is 50 foot¬ 
pounds. 

Power .—Power is the rate of doing work. It is not to be con¬ 
fused with the total work done. 

^ work 

Power = - 

time 

foot-pounds ^ ^ ^ . 

or -:- == foot-pounds per unit of time. 

time 

Any convenient unit of time may be used. In mechanical 
work it may be foot-pounds per minute or foot-pounds per second. 
An arbitrarily selected unit of power is the horsepower, (H. P.). 

One horsepower = 33,000 foot-pounds per minute 


or 


33,000 

60 


550 foot-potmds per second. 
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IlIiITstkation: A mine hoist raises a cage wei ghin g 800 
pounds at the rate of 300 feet per minute. What horsepower is it 
expending? 

TTP 800 X 300 240,000 

33,000 ~ 33,000 ~ 

« 

IiiiiUSTRATiON : A tractor exerts a pull of 500 pounds in pulling 
a motor on skids at a rate of five miles per hour. What horse¬ 
power is it exerting? 

Since there are 5280 feet in a mile and 60 minutes in an hour. 


5 mph = 


5 X 5280 
60 


440 feet per minute. 


Power = 500 X 440 = 220,000 foot-pounds per minute. 

„ 220,000 

Horsepower - - 6.7 (Ans.) 

Difference between Energy, Force, Work, and Power.—It is 

important to have a clear understanding of the differences of the 
meanings of these terms. Energy is the capacity to do work. 
Force is one of the factors of work and has to be exerted through 
a distance to do work. Work is done when energy is expended and 
is reckoned as the product of the magnitude of a force and the 
distance through which it acts in overcoming a resistance. Power 
is the rate of doing work. 

Electrical Work.—Work is, as we have seen, force acting 
through space, or energy expended in overcoming resistance. 
However, force may exist without work being done, as for exam¬ 
ple, when a man pushes against a table but does not move it. 

An electrical force exists between the two terminals of a bat¬ 
tery tending to send an electrical current through the air. How¬ 
ever, the resistance of the air is too great and no current flows, 
hence no work is done. The same is true when a generator is 
running on an open circuit. When a wire is connected across the 
terminals, the force is able to overcome the resistance of the wire, 
a current flows, and electrical work is done. In this case, the work 
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takes the form of generation of heat. If an electric lamp is 
connected in the circuit, the work manifests itself as heat and light. 
If a motor is connected in the circuit, the work is that done by the 
motor in turning its shaft and pulley or gear under load. 

The unit of electrical work is the amount of work performed by a 
current of one ampere flowing for one second under a pressure of one 
voU, and is called a joule. 

Electrical work = volts X amperes X seconds 
One joule has been found by experiment to be equivalent to 
0.7375 foot-pound of mechanical work. 

Electrical work is a subordinate factor in applied electricity 
to electrical power^ which we shall now consider. 

Electrical Power.—Power is, as we have seen, the rate at which 
work is done, and is independent of the total amount of work 
accomplished. A few paragraphs back we saw that 

^ work 

Power == — 

time 

Then, as we may expect, 

_ . _ electrical work 

Electncal power =-^- 

time 

The unit of electrical power is the watt. It is equivalent to one 
joule of electrical work per second. Then, 

joules volts X amperes X seconds 

Watts —-=- 

seconds seconds 

The “ seconds '' cancel out and the equation becomes, 

Watts = volts X amperes. 

One watt, therefore, equals one voU multiplied by one ampere. 

To find the rate in watts at which energy is expended in a 
circuit: 

Multiply the current in amperes by the pressure in volts causing it 
to flow. 
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In general, electrical power == voltage X current. 

When P = watts expended 

I = current in amperes 
E = pressure in volts 
Then P = EXi. 


Illustration: A 110-volt circuit has fifty incandescent lamps 
connected in parallel, each with a resistance of 220 ohms and 
two electric toasters each with riesistances of 18.33 ohms. How 
many watts of power are consumed by the circuit? 

E 

By Ohm’s Law I — Then I — ^ ampere current 

R 

for each lamp. 

50 X i = 25 amperes of current for fifty lamps. 

T 110 , 

I — " = 6 amperes for each toaster. 

lo.Ou 

Then 

P = P X / = 110 X (25 + 6 4- 6) - 4070watts (Ans.) 

Illustration: If it requires 12 amperes of current to operate 
the heaters on a street car from a 550-volt circuit, what power will 
be required? 

P = E X I. P = 550 X 12 = 6,600 watts. (Ans.) 


To find the current when the power and the pressure are known: 
Divide the waits expended hy the voUage causing the currerU to flow. 


Current = 


watts 

volts 


/ 


P 

E 


Illustration: What current does a 75-watt lamp require when 
operating on a 110-volt circuit? 

p 

/ »= — = = 0.68 ampere (Ans.) 
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Iixustbation: What current does a 550-watt electric flatiron 
require when connected to a 115-volt circuit? 

p 

/ = — = = 4.78 amperes (Ans.) 

E 


To find the pressure when the power and current are known: 
Divide the vxUts expended by the current flowing. 


Volts = 


watts 

amperes" 



IiiLUSTRATiON': A 1200-watt motor requires a current of 
10 amperes. What voltage is necessary to operate it? 



= isoa = 120 volts 


(Ans.) 


Electrical Horsepower.—The relationship between mechanical 
work and the expenditure of electrical energy has been determined 
by calorimeter experiments. From the results thus obtained, the 
following relationship has been established. 


or 


1 watt = 0.7375 foot-pound per second 


1 foot-pound per second = ^ 


1.356 watts 


Since 550 foot-poimds per second are equivalent to 1 mechanical 
horsepower, an equivalent rate of electrical power would be: 

550 

—>= 746 watts = 1 electrical horsepower. 

0.7375 

The electrical horsepower is a convenient unit since the watt is 
very small. 

To find the electrical horsepower maintained in any circuit or 
part of a circuit: 
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Multiply the volts causing the current to flow &y the current 
expressed in amperes and divide this product by 74S. 

TT -p watts volts X amperes E XI 
■ ■ “ 746 ~ 746 746 


4 

Illustbation: A motor on a 220-volt circuit requires 28 
amperes of current. What horsepower is it using? 


E XI 220 X 28 
746 ~ 746 


61 ^ 

746 


- 8.26 


(Ans.) 


Illustkation: A generator maintains a pressure of 110 volts 
across an electric light circuit and the ammeter indicates 75 
amperes. What horsepower is being generated by the generator? 


Exi _ noX75 ^^0 

746 ~ 746 “ 746' 


11.06 (Ans.) 


The Kilowatt.—The kilowaU is a still larger unit of power. 
One kilowatt equals 1000 watts. The following relations are imme¬ 
diately obvious: 


Kilowatts (kw.) 


watts _ E X I 
1000 ~ 1000 


Watts = kw. X 1000 


1 h.p. = 0.746 kw. 


1 kw. 


1 

0.746 


1.34 h.p. 


Illustration: What is the capacity in kilowatts of a generator 
carrying a load of 400 amperes at a pressure of 220 volts? 


Kw. = 


EXi 


220 X 400 


= 88 


(Ans.) 


1000 


1000 
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Illustration: At fuU load how many amperes can be deliv¬ 
ered by a 60-kilowatt generator at a pressure of 110 volts? 

Watts = kw. X 1000 = 60 X 1000 = 60,000 watts = P 
/ — “ « = 545 amperes (Ans.) 

The Watt-hour and Kilowatt-hour.—^Electrical energy or power 
when sold to a consumer is usually measured in terms of watt-hours 
or kilowatt-hours since the joule is too small a unit for practical 
use in this connection. A watt-hour is one watt expended for one 
hour. It is equivalent to 3600 watt-seconds (or joules) and also 
to 60 watt-minutes. 

Watt-hours = watts X hours 

A kilowatt-hour is a larger unit of electrical work and equal to 
1000 watts maintained for one hour, or 500 watts maintained for 
two-hours, etc. 

Kilowatt-hours = kw. X hours 

An electrical horsepower-hour is one electrical horsepower main¬ 
tained for one hour or 746 watts maintained for one hour. 

Horsepower-hours = h.p. X hour 

The dials of a consumer's meter, by which the electrical energy 
used for light and power is measured, generally record kilowatt- 
hours. In Fig. 27 the dial face of a watt-hour meter has four 



Fig. 27.—Dial of Watt-hour Meter. 


circles. In the preceding figure each denotes the amount of energy 
in kilowatt-hours measured by the movement of the pointer over 
one division of the corresponding scale. One complete revolution 
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of the pointer of any scale moves the pointer of the next scale 
immediately to its left over one division. It will be noted that 
some of the pointers turn in a clockwise direction and that the 
others ti«m counter-clockwise. In reading a pointer on a circle, it 
is necessary to look at the pointer immediately to its right to deter¬ 
mine whether or not it has reached tl^e point on which it appears to 
rest. For example, in Fig. 27 it is almost impossible to tell by look¬ 
ing at the second, pointer from the right whether it has passed the 
“ 2 ” or failed to reach it. However, by looking at the circle to its 
right, it is apparent that it has not yet reached the “ 2.” 

Illustration: How many kilowatt-hours does the meter in 
Fig. 27 read? 0618 kilowatt-hours. (Ans.) 

Electrical Power Calculations.—A number of formulas are 
here presented which have a great variety of practical applications 
in the calculation of electrical power. These rules and formulas 
have been derived either by transposition of the formulas pre¬ 
sented on the preceding pages or by combining them with the 
formulas expressing Ohm’s Law. They are applicable equally 
well to the whole or a part of a circuit. Caviion must be exercised 
in the use of these formulas to use the voUs lost in only ihs particular 
part of the circuit considered, and also the resistance of, and the 
current through, this part only. 

Given current and pressure, to find the watts expended: 

The watts lost or expended in any circuit equal the product of the 
current and the pressure causing it to flow 

P = £X/ 

when P — watts expended 

I = current in amperes 
B = pressure in volts 

The use of this formula is illustrated on page 552. 

Given current and resistance, to find the energy expended in 
watts: 

The watts last or expended in any circuit are equal to the current 



706 HANDBOOK OF APPLIED MATHEMATICS 


tqmred multiplied by the resiatance. This is often called the 
“ I-square B loss.” 

P^PXR 


Illustration : The resistance of the fi^ld magnets of a dynamo 
is 430 ohms and the magnetizmg current is 3 amperes. What 
power is used in magnetizing the field? 

p = Pfi = 3 X 3 X 430 = 3870 watts (Ans.) 


Illustration: An electric light has a resistance of 121 ohms 
and uses 0.909 ampere. How many watts does it use? 

P = PR = 0.909 X 0.909 X 121 = 100 watts (Ans.) 


Given resistance and pressure, to find the watts expended: 
The watts lost or expended in any circuit are equal to the square 
of the pressure divided by the resistance. 


P 


P2 

¥ 


Illustration: An electromagnet with a resistance of 40 ohms 
is operated on the current from a 6-volt storage battery. What 
power is expended and what current does the magnet require? 

Jp2 A y A 

P — — = ^ ■ = 0.90 watt (Ana.) 

xt 40 

E 6 

/ = — = — * 0.15 ampere (Ans.) 

H 40 

Illustration: The resistance of a solenoid is 60 ohms. 
What power will be expended in it if a current passes through it 
under a pressure of 110 volts? 




"b 


201.67 watts (Ans.) 


Given watts expended and current, to find the resistance: 
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The resistcLTice is equal to watts expended divided by the square of 
the current. 

Illustration: An electric flatiron uses 660 waits of power 
and draws 6 amperes current. What is its resistance? 

^ P 660 

P = =* — -^ 7 = 18.33 ohms (Ans.) 

6 X 6 * 

Illustration: A 75-watt incandescent lamp requires 0.682 
ampere. What is its resistance? 


P 0.682 X 0.682 0 465 


~ 161.3 ohms (Ans.) 


Given watts expended and resistance, to find the current: 

The current equals the square root of the quotient of the watts 
divided by the resistance, r* 

‘-4 

Illustration: The resistance of a 65-watt lamp is 220 ohms. 
What current will it require? 

Illustration: A printshop glue pot has a resistance of 88 
ohms and draws 8,800 watts of power. What current does it 
require? _ 

I = = -vp^^ “ \/T00 = 10 amperes (Ans.) 

Given watts expended and pressure, to find the resistance: 

The resistance equals the square of the pressure divided by ths watts 
expended. ^ 
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lUitFSTRATiON: What is the resistance of a 55-watt, 110-volt 
incandescent lamp? 


„ E2 110 X 110 
““■p—^ 


— 220 ohms 


(Ans.) 


Illustration: An electric furnace uses 7.2 kilowatts of power 
when operating at a pressure of 80 volts. What is its resistance? 

80 X 80 

^ = y = y 200 “ 

AU of the above formulas are applicable to problems where the 
power is given or warded in electrical horsepower, by remembering 
that 1 horsepower — 7^ waits = 0.746 kw, and 1 kw = 1.34 ^P- 


Illustration: A calcium carbide electric furnace uses 3,500 
amperes of current at 110 volts. How much horsepower is 
expended? 

P = 3,500 X 110 = 385,000 watts 
Since 1 hp = 746 watts. 


hp 


385,000 

746 


516 (Ans.) 


ELECTRIC CELLS AND BATTERIES 

Dry Cells.—The simplest method of producing electric current 
is by chemical means. A simple primary cell may be made by 
placing two dissimilar metals into an acid or alkaline solution. 
If the two metals are then connected by a piece of wire, a chemical 
reaction will result between the metals and the liquid solution and 
an electric current will flow through the wire. 

There are many forms of primary cells and several of the wet 
type were used extensively in the early days of telephony, teleg¬ 
raphy, and railway signalling. However, the dry cell is the only 
primary cell which is now widely used. It consists of a zinc shell 
which serves both as a container and as the negative element. 
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A carbon rod in the center acts as the positive element* The 
intervening space is filled with a mixture of salmnmoniac, zinc 
chloride, plaster and water. The top is sealed with pitch or sealing 
wax. Such a cell delivers a maxi¬ 
mum current of about 25 amperes Binding 
and maintains an electromotive force' 

of from 1.4 to 1.6 volts, which re- . 

mains practically constant during i By * 
its life. The internal resistance is 
about 0.1 ohm. The dry cell can 

be used only for open circuit (in- t *2^^***** 

termittent) work. f ^ y-lineCytindtr 

Two or more cells connected ^ Kardtoardo^ 

together to obtain suitable voltage ^ 1 P 

or current constitute a battery. 

There are three methods of con- 
necting cells to form batteries; 

series, parallel, and series-parallel. 28.-Dry CeU, Sectional 

In series connection the positive View, 

tenninal of one cell is connected 

to the negative of the next succeeding cell and the line is connected 
to the remaining terminals. When the cells are so connected, the 
voltage of the battery is the sum of the voltages of all the cells. 
The current, or amperage, of the battery is equal to the amperage 
of one cell. 


'^rn^TwtpnPr 
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Fia. 28.—Dry Cell, Sectional 
View. 



Celia in Series 
Fig. 29. 


Illustration: What current and what voltage may. be ob¬ 
tained from the battery shown in Fig. 29 if the voltage of each cell 
is IJ volts and the maximum amperage 25 amperes? 
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Voltage = U + li + 1| + 1| + li + H 
or 6 X li = 9 volts (Ans.) 
Amperage = 25 amperes (Ads.) 



Fio. 30.—"B” Battery; 


Illustbation: A “ B ” battery commonly used in radio work, 
of thirty cells in series, is shown in Fig. 30. What total voltage 
may be obtained from the battery? 

30 X U — 45 volts (Ans.) 

What voltage will be obtained if either outside connection is used 
with connection R 


15 X Ij * 22J volts (Ans.) 
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In parallel connection the positive terminals of all cells are con¬ 
nected to one line and the negative terminals to the other line. 
When cells are connected in parallel, every cell should be of the 
same voltage. The voltage of the battery is the same as the voltage 
of one cell. The amperage is the same as the sum of the amperages 
of each cell. * 



Cei/3 in Parallel 
Fia 31. 


Illustration: What is the voltage and amperage of the bat^ 
tery shown in Fig. 31 if the voltage of each cell is 1J volts and the 
amperage of each cell 25 amperes? 

Voltage of battery = volts (Ans.) 

Amperage of battery = 6 X 25 == 150 amperes (Ans.) 

A series-parallel connection is made up of sets of cells con¬ 
nected in series with each set con¬ 
nected in parallel in the circuit as 
shown in Fig. 32. Each set must 
have the same voltage or an equal 
number of similar cells. 

The voltage of a series-parallel 
battery is equal to the voltage of 
each set connected in series, and 
the amperage is equal to the sum of 
the amperes delivered by each set. 

Illustration: In the battery 
shown in Fig. 32 the voltage of 
each cell is volts and the amperage is 25 amperes. What is the 
voltage and amperage of the battery? 

Voltage of each series set = 4 X 1J = 6 volts. Therefore, the 
voltage of the battery is 6 volts. (Ans.) 


"B-'O-'B"©- 

■©—©—©-T©- 

Celia in Series Parallel 
Fig. 32. 
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Amperage of each series set = 25 amperes. The number of 
sets * 4. Therefore, the amperage of the battery = 4 X 25* 
100 amperes. (Ans.) 

Current from Dry Cells.-^T’Ae current which a cell vnU deliver 
to a circuit ts equal to the voltage divided liy the sum of the internal 
and external reaidances. 

Illustration: In the circuit shown in Fig. 33 the internal 
resistance of the cell is 0.1 ohm and the resistance of the bell is 
25 ohms. What current flows in the circuit? 


<51 


Fio. 33. 

Illustration: In the circuit in Fig. 34 the internal resistance 
of a 1.6-volt cell is 0.085 ohm. What current flows in the circuit 
if the resistance of each light is 5 ohms? 

The joint resistance of the lamps by the law of the reciprocal 
of the sum of the reciprocals of the individual resistances is, 

Reciprocal of 5 ohms 
Sum of reciprocals 
Joint resistance is reciprocal of sum 
Current in circuit 

1.6 1.6 

“ 2.5 + 0.085 “ 2.585 ~ 

Voltage from Primary Cells.—The electrical pressure or voltage 
produced by a primary cell must overcome both the internal resist¬ 
ance and the external resistance. The voltage reding, or that 


= i 

= i + i = l 
= ^ = 2.5 ohms 

0.619 ampere (Ans.) 
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usually referred to, is known as the " open circuit voltage and 
is that obtained across the terminals when the cell is not delivering 
current. When delivering current the terminal voltage, that avail¬ 
able for external resistance, is equal to the open circuit volta^ 
minus the voltage across the internal 
resistance. * 

IijLUSTbation: The cell shown in 
the circuit in Fig. 35 has an open | 
circuit voltage of 1.52 volts and an in- 
temal resistance of 0.09 ohm. How 
many volts are used up by the internal 
resistance and what is the voltage Fia. 36. 

across the resistance? 

By Ohm’s Law, total current in the circuit is 



I = 


E 

r + /?' 


1.52 _ 1^ 

0.09 + 4.2 ~ 4.29 


0.354 ampere 


Pressure required to force 0.354 ampere, the internal resistance 
E = Ir. E = 0.354 X 0.09 = 0.032 volt 


Therefore, voltage across external resistance= 

1.52 - 0.032 = 1.498 volts (Ans.) 

Cells Arranged in Series.—When a number of cells are con¬ 
nected in series and to an external circuit, the current flowing 
through the external circuit will also pass through each cell. 
Since each cell has a certain resistance, a portion of the total elec¬ 
tromotive force will be used up in overcoming the internal resist¬ 
ance. 

To find the total internal resistance of a niunber of similar 
cells connected in series: 

Multiply the resistance of one cell by the number of cells in the 
series. 

The total internal resistance = r Xns 


When r » internal resistance 

ns <= number of cells in series 
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Illtjstration: Eight dry cells (Fig. 36) each \rith an internal 
resistance of 0.095 ohm are connected in series. What is the 
total internal resistance? 

Total resistance = r X ns = 0.095 X § = 0.76 ohm (Ans.) 



Current from Cells in Series.—To find the current that will be 
maintained in an external circuit by a number of cells in series: 

Multiply the electromotive force of one cell by the number cotv- 
nected in series. Find the toted internal resistance as above. Then 
by Ohm’s Law the current is equal to the toted electromotive force 
divided by the toted resistance. 

Expressed as an equation, this rule is, 

j _ E X ns 
(r X ns) + B 

When E = electromotive force of one cell 
r = internal resistance of one cell 
ns — number of cells in series 
R = external resistance. 

Illustration: If the cells shown in Fig. 36 each have an 
electromotive force of 1.45 volts and an internal resistance of 
0.095 ohm, what is the total current if a 15-ohm resistance is con¬ 
nected in the circuit? 


E Xns _ 1.45 X 8 

(r X ns) “ (0 095 X 8) -+- 15 


11.60 

15.76 


0.74 ampere 
(Ans.) 



ELECTRICITY 


715 


Cells in Parallel.—When a number of similar cells are con¬ 
nected in parallel, as in Fig. 37, and to an external circuit, the 
total current does not have to overcome the total internal resist¬ 
ance of all the cells as is the case when they are connected in series, 
but is divided evenly among the cells in parallel. With a path for 
the current through each cell, the tAtal resistance is much less than 
that for one cell. 



To find the internal resistance of a number of cells in parallel: 
Divide the resistance of one cell by the number connected in paraUeL 

r 

Total resistance = — 
nq 

When r = internal resistance of one cell 

nq = number of cells in parallel 

Illustration : What is the total internal resistance of the cells 
shown in Fig. 37 if the resistance of each cell is 0.2 ohm? 

r 0.2 

Total resistance = — = “ 0.025 ohm (Ans.) 

nq o 

Current from Cells in Parallel.—To find the current that will 
be maintained in an external circuit by a number of cells connected 
in parallel: 

Divide the electromotive force of one cell by the sum of the external 
and internal resistances of a circuit. 

This rule set up as an equation becomes. 



nq 
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When E * total electromotive force of one cell 
r = inteinal resistance of one cell 
R » total external resistance 
nq = number of cells in parallel 

r 

The quantity — in this equation will be recognized as the total 
nq 

internal resistance of the cells in parallel. 

Illustration: The cells shown in Fig. 37, each having an 
internal resistance of 0.2 ohm and an electromotive force of 1.5 
volts, are connected to an external circuit with a total resistance 
of 12 ohms. What is the total current in the external circuit? 


By the above rule, 


I = 


E 


1.5 


r 0.2 

— + R -r + 12 

nq 8 


1.5 

12.025 


= 0.125 ampere (Ans.) 


Advantage of Cells in Parallel Connection.—Cells are connected 
in parallel when it is desired to obtain the maximum current 
through an external circuit of low resistance. When cells are con¬ 
nected in parallel their zinc or negative plates are all coimected to 
each other and their carbon or positive elements are also connected 
to each other. The result is that the group of cells is the equiva¬ 
lent of one large cell, the positive and negative plates of which are 
equal in area to the sum of the areas of the respective plates in the 
separate cells. This grouping is, therefore, capable of giving a 
large quantity of electrical current. When the external resistance 
is small the strength of the current will be great; when the resist¬ 
ance is large, it will be small. 


Illustration: If a dry cell with an internal resistance of 
0.3 ohm and an electromotive force of 1.5 volts is connected to an 
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external circuit with a total resistance of 0.1 ohm, what will be 
the resultant flow of current? 

Current = = oJToI “ amperes (Ans.) 

4 

IiiLUBTRATiON : If eight dry cells with similar characteristics 
are substituted for the single cell in the above illustration, what is 
then the current in the external circuit? 

^ , E 1.5 ' 1.5 

Current = - -* — -- - 10.91 amperes (Ans.) 

-h 12 — + 0.1 

nq 8 

Advantage of Cells in Series Connection.—-A series grouping of 
cells is employed when the external resistance is the principal one 
to be overcome and a maximum current strength in the circuit is 
desired. The advantage of this type of connection is shown by 
the following examples. 

Illustration: A dry cell with an electromotive force of 1.5 
volts and an internal resistance of 0.3 ohm is connected to an 
external circuit with a total resistance of 100 ohms. What cur¬ 
rent will flow through the circuit? 


E _ 1.5 

r + /2 ~ 0.3 + 100 


1.5 

100.3 


0.014955 ampere (Ans.) 


Illustration: What current will flow in the external circuit 
if ten cells with similar characteristics are connected in parallel 
in the circuit of the above illustration instead of the single cell? 



nq 


1.5 




—^— = 0.014994 ampere (Ans.) 
100.03 ^ ^ 


It will be seen, therefore, that there is little to be gained in the 
amount of current produced by substituting ten cells in parallel 
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for the single cell. However, let us substitute ten cells in series 
in the next example. 

Illustration: Substitute ten cells of like characteristics in 
series connection for the cells in the above example. What will 
then be the current in the external circuit? 


E X ns 
(r X ns) + B 


1.5 X 10 

(0.3 X 10) + 100 


15 

103 


= 0.14563 ampere 


(Ans.) 


It is evident from these illustrations that nearly ten times the 
current from cells in parallel connection passes through the circuit 
nrhen the same cells are connected in series. 

Cells Grouped in Parallel-Series.—It is sometimes desirable to 
group cells in a combination of series and parallel to give either the 


r 


•:Od£M3r 


Fig. 38. 


maximum current through an external resistance or to increase 
the capacity of the cells for maintaining a current in a circuit for 
a long period of time. Figure 38 shows such a connection consist¬ 
ing of two parallel sets of four cells in series. This is sometimes 
called a muUiple-series combination. 

If 6 volts are required to light a small lamp, four dry cells of 
1.5 volts each connected in series will produce (neglecting internal 
resistance) the required 6 volts and will operate the lamp for a 
period of possibly 4 hours. If, however, eight cells are connected 
in parallel series as in Fig. 38 the total electromotive force will still 
be 6 volts, but the lamp will now be illuminated for a period of 
8 hours. 
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To find the internal resistance of any multiple-series combina¬ 
tion of cells: 

Multiply the resistance of one cell by the number of cells in one 
group and divide the product by the number of groups in parallel or 
multiple. 

The total resistance = - - 

nq 

when, r = resistance of one ce^’. 

ns = number of cells in series in one group 
nq = number of groups in parallel 


Illustration: What is the internal resistance of the combina* 
tion of eight cells shown in Fig. 38 if the resistance of each cell is 
0.2 ohm? 


Total resistance == 


r X ns 
nq 


0.2 X 4 
2 


0.4 ohm (Ans.) 


Current Strength from Cells in Parallel-Series Combinations.— 
To find the current that will be maintained in an external circuit 
by any parallel-series combination of cells: 

Divide the total electromotive force of one series group by the mm 
of the combined internal and external resistances. 

Expressed as an equation, this rule becomes 

^ E X ns 


nq 


when, I 
E 
ns 
nq 
r 
R 


current in the external circuit 
electromotive force of one cell 
number of cells in series in one group 
number of groups in parallel 
internal resistance of one cell 
external resistance 
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lUitrsTSATiON: Fifteen cells are so connected that five cells 
are in series and three sets of five are in parallel. What current will 
flow through an external circuit connected to these cells if the total 
external resistance is 8 ohms and the electromotive force of each 
cell is 1.5 volts and the internal resistance 0.1 ohm? 


/ = 


E Xns 


r Xns 
nq 


R 


1.5 X 5 
0.1 X 5 . 


7.5 

0.167 + 8 


= 0.918 ampere 

(Ans.) 


Groups of cells in parallel may also be connected in series as 
shown in Fig. 39. This is called a series-parallel or a series- 
multiple connection. 



To find the current that will be maintained in an external cir^ 
cuit from any series-parallel combination of cells, several progres¬ 
sive steps are necessary as follows: 

Find the internal resistance of one paraUel group and consider 
the result as data for one “ equivalent ” ceU {group). Calculate the 
Mai electromotive force and resistance for the parallel groups in series 
and determine the current by Ohm’s Law. 

IuiUstration: The series-parallel combination shown in Fig. 
39 is connected to a circuit with an external resistance of 2 ohms. 
The cells are four in parallel, two groups in series. Each has an 
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dectromotive force of 1.6 volts and an internal reostance of 0.1 
ohms. What current will flow through the circuit? 

The electromotive force of 1 group = 1.5 volts 

The electromotive force of 2 groups in series = 1.5 X 2 = 3.0 volts 

« 

T 01 

The internal resistance of 1 group = — = — = 0.025 nhm 

n9 4 

The internal resistance of 2 groups in series 

= r X ns «= 0.026 X 2 = 0.05 ohm. 

By Ohm’s Law 

Secondary Cells.—Primary cells (dry cells) produce electric 
currents as a result of chemical action. Secondary cells do not in 
themselves produce current but have the property of “ storing ” 
electric current with which they may be charged and will later 
give up the current which has been accumulated. Such cells are 
called storage cells or accumulators. When these cells are connected 
in groups of two or more, the group is called a storage battery. 

Storage batteries are widely used for stand-by emergency ser¬ 
vice in power substations and in telephone and telegraph work. 
However, to a great majority of people the storage battery con¬ 
notes an ignition unit of the automobile or internal combustion 
engine. For this reason a full treatment of this subject will be 
found on page 708 of this book. 

ELECTROMAGNETS 

Magnetization of Iron and Steel by an Electric Current— 
When a number of turns of insulated wire are wound around a 
soft iron bar and a current is sent through the wire, the bar will 
attract iron filings. This property is called magnetism. The wire 
wound around the iron core is called an eUctromagnst. An eleo 
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tromagnet differs from a permanent iron magnet in that it has 
magnetic properties only when a current flows through the wire. 
If a piece of cardboard is fitted around the longitudinal axis of an 
electromagnet and iron filings sprinkled around generously (Fig. 40), 
the filings will not only be attracted by b6th ends of the magnet, 
called the poles, but will also arrange themselves in a regular 
order at some distance from the coil. The lines which these filings 
form represent the lines of force of the magnetic field about the 

magnet. If a piece of iron 
is laid in the magnetic field 
the lines of force will con¬ 
verge to it at both ends. It 
is apparent, therefore, that 
the lines of force find it 
easier to pass through the 
piece of iron than through 
the air or through the 
filings. The capability of 
any substance for conducting 
magnetic lines of force is 
termed its permeability. 

Solenoids.—A coil of 
wire wound on an insulating 

spool is called a solenoid. 
Fig. 40.-Lme8 of Force Around a Coil, is always in 

the same direction, layer 
upon layer, similar to the thread on a spool. If a solenoid 
is suspended by a thread from the midpoint of its longitudinal 
axis it will swing into a position with one end pointing north and 
the other end south. The pole to the north, or the north-seeking- 
pole is called the N-pole and the opposite end the S-pole. It is a 
phenomenon of magnetism that unlike poles of magnets attract 
each other and like poles repel each other. 

A solenoid with an iron core is, as we have seen, an dectro- 
magnet. If the core is fitted loosely so that it may be pulled out 
it will be subjected to a strong “sucking” action when a current 
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is passed through the coil (Fig. 42). This principle is extensively 
employed to operate the feeding mechanism of electric arc lights, 
to close switches at a distance for remote control purpose, and 
in automatic circuit breakers. 



noid. Fiq. 42. Breaker. 


A circuit breaker is used to protect electrical circuits against 
abnormal conditions arising therein. The most common form is 
the overload type which opens the circuit when the current becomes 
excessive. Circuit breakers are also used for opening the circuit 


if the voltage falls below a certain 
value or if the polarity of a direct- 
current circuit is reversed. 

Applications of the Electromag¬ 
net.— If, instead of winding a 
coil around a straight bar, a bar in 
the form of a horseshoe is used, 



bringing the N-pole and S-pole Fiq, 44 . 


close together, a much stronger 

magnet will result. In actual practice, the wire is not wound onto 
the bar but is wound onto spools which are slipped over the bar. 
The bar need not be in one piece and is commonly made up of 
three pieces as shown in Fig. 44. These are called the pole pieces 
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and the yoke. The electromagnet finds many applications in this 
form in electric bells, buzzers, telegraph sounders and relays, etc. 
Electromagnets of very powerful attractions are built for industrial 
use in handling iron and steel. These consist of a steel casting 
having a groove turned to receive the exciting coil. The lifting 
power of an electromagnet is proportional to the square of the 
product of the amperes flowing in the magnet and the number of 



turns of wire. 

The most important 
use of electromagnets is 
in generators and motors, 
where they are used to 
create the intense mag¬ 
netic fields necessary for 
the development of elec¬ 
trical power in the case of 
the generator and the rota¬ 
tion of the armature in the 
case of a motor. 

Magnetomotive Force. 
—Magnetism or magnetic 
flux (total number of lines 
of force) depends upon the 
number of turns of wire in 
the coil of an electromag¬ 
net as well as upon the 
current strength; the cur¬ 
rent and number of turns 


Fig. 46.— Lifting Magnet. being jointly responsible 

for the force that drives 
the magnetic flux around the magnetic circuit, just as an electro¬ 
motive force drives an electric current around an electric circuit. 
The magnetizing force set up by a current flowing through a sole¬ 
noid or any coil of wire is called the magnetomotive force (abbre¬ 
viated mmf). It is directly proportional to the current and to 
the number of turns on a solenoid. The magnetomotive force is, 
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therefore, proportional to the product of the number of turns and 
the current strength. That is, one ampere flowing through ten 
coils or turns will produce the same magnetomotive force as ten 
ampieres flowing through one turn. The magnetomotive force 
may be expressed in a unit called the ampere-lum. The relation¬ 
ship may be expressed by the formula, 

. mmf in ampere-turns - I XT 

when I — current in amperes 

T = number of turns on the coil 

Illustration: What is the magnetomotive force of a coil 
with 50 turns through which a current of 3 amperes is passing? 

mmf = 7X3’ = 3 X 50 = 150ampere-tums (Ans.) 

It is evident from this relationship that a magnet with a cer¬ 
tain magnetomotive force can be made with heavy wire of low 
resistance and few turns or with smaller wire of high resistance 
and many turns. Electric bell, telephone, and telegraph instru¬ 
ments are usually made of fine wire since they are usually located 
some distance from the battery so that the current may be very 
small. When it is desired to operate a small magnet on a 110-volt 
circuit it is wound with fine wire so that its resistance will be high 
and the current consumed small. 

Field Intensity.—In magnetic calculations, the magneto¬ 
motive force per unit length of the magnetic circuit is called the 
intensity of the magnetic field. This field intensity is the magneto¬ 
motive force divided by the length (1) of the magnetic path and is 
represented by the letter It has been determined experi¬ 
mentally that one ampere-turn will produce 1.257 lines of force 
through an air-path one centimeter in length and one square cen¬ 
timeter in cross-sectional area. 

Therefore, the field intensity is, 

mmf 1.257 XiXT 


I 


I 
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where I is the length of the path in centimeters and T the number 
of turns. 

If the length (1) of the magnetic path of a solenoid is knovm, 
the mmf necessary to produce a desired field intensity is 

obtained by multipljring 1. 

Illustration: The coil shown in Fig. 46 has a core which 
forms a complete ring so that there are no free poles. Each line 
of force has then a complete path inside the core so that the 



Fig. 46.—Magnetic Polarity of an Iron Ring. 


length of the magnetic circuit can easily be measured. If the coil 
has 30 tmms and the current is 15 amperes then 

mmf = /XT= 15 X 30 = 450 ampere-tums. 


If the mean length of the magnetic circuit is 18 centimeters, then 
the magnetomotive force per centimeter length is 




1.257 XI XT 
I 


1.257 X 15 X 30 
18 


31.4 


This means that a itniform magnetic field is produced in the sole¬ 
noid of 31.4 lines per square centimeter. 

The difference between the two formulas which have been 
given should be kept distinctly in mind. The quantity repre¬ 
sents the force magnetizing a unit length of the core of a solenoid, 
or the strength of field in lines of force per square centimeter 
within a coil with an air coil. The quantity mmf represents the 
force (magnetic pressure) that tends to drive the lines of force 
throughout the entire path of any kind of material. 
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If {is g^ven in inches, then 2^ becomes 


.495 X J X 
I 


T 

—, in which I, 


is in inches. 


Law of the Magnetic Circuit—^Just as electric pressure (emf) 
is the force that moves electricity through an electric circuit, so 
magnetic pressure (mmf) drives lines of force through a magnetic 
circuit. All magnetic substances offer more or less resistance to 
the passage through them of magnetic lines of force. This mag¬ 
netic “ resistance ” is called reluctance and its symbol is BH. The 
total number of lines of force set up in a magnetic substance is 
termed the magnetic flux. Magnetic flux, or total number of lines of 
force, is treated as a magnUic current flowing in a magnetic circuit. 

The calculation of the magnetic flux, which will be represented 
by N, is similar to the calculation of current in an electric circuit 
by Ohm’s Law. In the latter case, the strength of the electric 
current equals the electromotive force divided by the resistance, 
E 

or, I = -S’. Similarly, in a magnetic circuit 
K 

magnetomotive force 
magnetic flux = - , , 

reluctance 


or. 


N = 


rnmf 

"W 


Magnetic Density, Permeability and Reluctance.—It is some¬ 
times necessary to specify the flux density in any part of a mag¬ 
netic circuit, that is, the number of lines passing through a unit 
area measured at right angles to their direction, whether that 
part of the circuit is air or some other substance. This number 
is termed the magnetic density or magnetic induction of a sub¬ 
stance and is denoted by the letter If the total flux N is 
known, and the area A through which it is uniformly distributed, 
is also known, then the flux density is 
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If A is expressed in square inches, then the flux density will be in 
number of lines per square inch. 

The magnetic density produced in air by a solenoid depends 
upon the magnetic field alone. The magnetic density or induc¬ 
tion ^ produced in a magnetic substance when placed in a sole¬ 
noid depends also upon the permeability of the substance. 

The permeability of a magnetic substance is the ratio of the 
magnetic density ^ in the substance to the intensity of the mag¬ 
netic field ^acting upon the substance; that is a ratio of the 
number of lines of force per unit area, set up in the material, to 
the number that would be set up in air under the same conditions. 
The symbol for permeability is the Greek letter ju (pronounced 
mu), and its value for any magnetic substance is expressed in the 
equation 



If the value of and are known, the magnetic density is 


^ = pXJf 


The permeability of air or nonmagnetic substances is unity 


or 1; 


since through air the flux density ^ or 




= 1 . 


Soft iron under a field intensity of — 10 (this corresponds 
to 20.3 ampere-turns per inch) has a flux density ^ — 14,000 
lines per square centimeter. Consequently, the permeability is 


_ 14,000 
10 


1400 


In magnetic materials, the value of the permeability does not 
remain the same for all flux densities. It varies as shown in 
Table 1 below: 
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TABLE 1 

Flux Density and Permeability 


Flux Density 

Permeability 

Lines per 
square inch 

Lines per square 
centimeter 

« 

Annealed 
sheet steel 

1 

Cast steel 

1 

! 

Cast iron 

20,000 

3,100 

2600 

1400 

280 

30,000 

4,660 

2900 

1600 

230 

40,000 

6,200 

3100 


160 

60,000 

7,760 

3200 


no 

60,000 

9,300 

3100 



70,000 

10,860 

2400 

1100 ! 

! 65 

80,000 

12,400 

1800 

760 


90,000 

14,000 

1400 

500 



15,600 

750 

280 


110,000 


320 

145 


120,000 


160 

70 


130,000 


75 




The reluctance of a magnetic circuit depends upon three quan¬ 
tities: the length of the circuit, the cross-sectional area of the 
circuit, and the permeability of the material of the circuit. The 
reluctance increases as the length of the magnetic circuit increases, 
and decreases as the cross-sectional area is increased and the per¬ 
meability increases. That is, the reluctance is directly propor¬ 
tional to the length of the magnetic circuit, is inversely propor¬ 
tional to the cross-sectional area and varies as the material of 
the circuit. This may be expressed by the following formula: 


when ^ represents the reluctance, I the length of the magnetic 
circuit in inches, A the sectional area of the circuit m square 
inches, and y. the permeability of the material (K)nstituting the 
circuit. 
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Attractive Force of an Electromagnet —^The magnetism of an 
electromagnet increases as the current through it is increased, 
up to a saturation point, but is not directly proportional to the 
current; that is, if when one ampere is passed through a certain 
magnet, a force of 66 pounds is requfred to detach its keeper, 
then when two amperes are passed through it, not twice the force, 
or 112 pounds is required, but usually much less. 

The lifting or adhesive power of an electromagnet is called its 
tractive force. The tractive force is proportional to the square 
of the density of lines of force per square inch, and the area of 
surface contact. To determine the tractive force or “ pull ” in 
pounds of an electromagnet, let 

^ = flux density or lines of force per square inch. 

A = area of contact in square inches. 

Then, the pull in pounds is 

72,134,000 


Iixustbation: What is the tractive force of a magnet if the 
density of the lines of force per square inch is 96,750 and the area 
of contact is one square inch? 


P = 
P= 


^^XA ^ 
72,134,000 
9,360,562,500 
72,134,000 


_( 96 ^ 

72,134,000 

= 129.7 lb. (Ans.) 


Table 2 gives the traction of electromagnets for various degrees 
of magnetizations. 


GENERATORS AND MOTORS 

Dynamo.—A dynamo is a machine which converts either 
mechanical energy into electrical energy or electrical energy into 
mechanical energy. A dynamo which converts mechanical energy 
into electrical energy is called a generator. A d 3 mamo which con¬ 
verts electrical energy into mechanical energy in the form of 
rotation is called a motor. 
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TABLE 2 

Magnetization and Tkacttion op Electromagnets 


38 

lanes per 
Sq. Cm. 


1,000 

2,000 

3,000 

4,000 

6,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

16,000 

16,000 

17,000 

18,000 

19,000 

20,000 


Lines per 
Sq. Inch 


6,450 

12,900 

19,350 

25,800 

32,260 

38,700 

45,160 

51,600 

58,050 

64,500 

70,950 

77,400 

83,850 

90,300 

96,750 

103,200 

109,650 

116,100 

122,550 

129,000 


Dynes 

per 

Sq. Cm. 


39,790 
159,200 
358,1oO 
636,600 
994,700 
1,432,000 
1,950,000 
2,547,000 
3,223,000 
3,979,000 
4,815,000 
5,730,000 
6,725,000 
7,800,000 
8,953,000 
10,170,000 
11,500,000 
12,890,000 
14,360,000 
15,920,000 


Grammes 

per 

« Sq. Cm. 


40.56 

162.3 

365.1 

648.9 

1,014 

1,460 

1,987 

2,696 

3,286 

4,056 

4,907 

5,841 

6,855 

7,550 

9,124 

10,390 

11,720 

13,140 

14,630 

16,230 


Kilogs 
per 
Sq. Cm. 


.04066 
.1623 
.3661 
.6489 
1.014 
1.460 
1.987 
2.596 
3.286 
4.056 
4.907 
5.841 
6.865 
7.560 
9.124 
10.390 
11.720 
13.140 
14.630 
16.230 


Pounds 

per 

Sq. Inch. 


.577 

2.308 

5.190 

9.228 

14.39 

20.75 

28.26 

36.95 

46.72 

67.68 

69.77 

83.07 

97.47 

113.1 

129.7 

147.7 

166.6 

186.8 

208.1 

230.8 
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lution from this point the lines of force are cut at a gradually 
increasing rate till the loop is in the position abed when the rate 
of change^ and also the electromotive force is a maximum. Dur¬ 
ing the next quarter revolution the cutting of the lines of force 
gradually decreases until at the end of a half revolution the elec¬ 
tromotive force is again zero. During the course of this half revo¬ 
lution the current flows in only one direction, from a to c, to d, 
to 6, but the strength has constantly changed from zero to a maxi¬ 
mum and back to zero again. During the second half revolution, 
the same variations in electromotive force occur but the induced 
current is in the opposite direction. The current is, therefore, 

reversed twice in every revo¬ 
lution, or an aliernaiing cur^ 
rent flows around the loop. 

Simple Alternating Cur¬ 
rent Generators.—In order 
to use in an external circuit 
the current generated in the 
revolving loop it is necessary 
to employ a connecting device 
consisting of two collector 
rings and brushes insulated 
from the shaft and from each 
other. Figures 48 and 49 
show the elements of an 
Fia. 48.-Simple Alternating^urrent alternating current generator 
Generator. At the instant depicted in the . ® , 

and the two positions of the 



revolution, brush M is positive. 


loop illustrate the reversal 


of current in the circuit. 

The magnets between which the loop revolves are called the 
jield magnets or simply the Jield. The revolving loop is called the 
armature. 

The electromotive force produced by a generator depends upon: 


1 . The number of lines of force cut by the armature wires. 

2. The number and length of the cutting wireSy 
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3. The speed at which the armature revokes and the lines of force 
are cut. 

It is apparent, therefore, that if instead of the single loop shown 
in Fig. 48 an iron core with many turns of wire is substituted, the 
lines of force between the field mdgnets will be increased and the 
number of wires cutting these lines will be increased. The result 
is that the electromotive force is greatly increased. The magneto 



Fia. 49.—Simple Alternating-current 
Generator. Direction of current in coil 
at one-half revolution from the positive 
in Fig. 48; brush M is now negative. 



Fig. 50 .— Magneto Generator for Tele< 
phone Ringing. 


generator (Fig. 50) is constructed on this principle. It consists of 
a coU of wire revolving between permanent magnets. 

Simple Direct Current Generators.-In order to obtam current 
flowing in only one direction from a generator, it is necessary to 
intercept the current from the revolving loop in mch a manner 
that the electromotive force generated by each half revolution is 
transmitted to separate branches of the external circmt. m 

accomplished by substituting one spUt ring for the two collector 
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rings as shown in Fig. 51. This split ring is called the commutator. 
Brushes rest on the ring at diametrically opposite points, one 



Fig. 61.—Simple Direct-current Gen-, 
erator. At the instant depicted in the 
revolution, brush M is positive. 


having a positive polarity and 
the other negative. 

I^inciple of the Motor.— 
If an electric current is passed 
through a coil or a loop it 
will create a magnetic field 
with an N-pole on one side 
and an S-pole on the other. 
If this loop is then placed be¬ 
tween the poles of a magnet 
as in Fig. 52, it will tend to 
turn until its lines of force are 
in line with the lines of force of 
the field magnets. When it 
reaches this point the rotation 
stops. In order to obtain con¬ 
tinuous rotation it is necessary 
to reverse the current in the 


loop at the instant that the turning effect ceases. These reversals 


are automatically performed by the commutator when the brushes 


are correctly set and adjusted. 


Rotation 



Fia. 62 .—Single Loop Armature Driven as a Motor. 


The direction of rotation of a motor can be found by the left- 
hand rule as illustrated in Fig. 52. When the polarity of the field 
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magnets and the direction of the current through the aimature 
have been determined^ place the left hand so that the fingers coi> 
respond with the polarity and direction of current in the single 
armature coil motor, and it is found that the loop will rotate in 
the direction of the hands of a clock. The direction of rotation 
of a motor can be changed by reversing the current either through 
the armature or through the fields, but not through both. 

Classification of Dynamos According to Their Field Excitation. 
—Practical d3naamos are different in several respects from the 
elemental forms which have been discussed in the preceding para¬ 
graphs. Instead of the revolving loop, the armature consists of a 
number of coils; instead of a split x'ing, the commutator consists 
of a number of segments or sections; and instead of permanent 
magnets, the field consists of electromagnets. The field magnets 
may be magnetized by current from a separate generator or by 
the machine itself and the generator would be styled a separately^ 
excited or a self-excited generator, respectively. Generators may 
be classified according to methods used to excite the field magnets 
as follows: 

(а) Magneto Machines (Fig. 50).—The field magnets are per¬ 
manent magnets of horseshoe form and the armature is designed 
for either direct or alternating current. Such machines supply 
limited power and are used chiefly in gasoline engine work, tele¬ 
phone signalling, testing of circuits, and firing electric blasting 
detonators. 

(б) Series Machines (Fig. 53) {Constant Current). —The field 
magnets are connected in series with the armature and wound 
with a few turns of heavy wire having a low resistance, so as to 
present little opposition to the main current flowing through them. 
Series generators are used only for series arc street-lighting cir¬ 
cuits and in the Thury system of high-voltage direct-current 
power transmission. 

In a coristard-mrrent circuit supplied by a series generator, the 
current is maintained constant through the external circuit while 
the electromotive force varies with each change in the resistance 
of the circuit. The series constant-current generator is now little 
used. 
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(c) Shunt Machines (Fig. 54) (Constant Potential .)—The field 
magnets are connected in parallel or shunt with the armature 
and are wound with many turns of small wire; they have a high 
resistance, compared with the armature, since only a small por¬ 
tion of the current need flow through tfiem. 

(d) Separately-excited Machines (Figs. 65 and 56) (Constant 


Senes Field 



I Fxfgrnal Circuif I 

vwwiwvv 


Fig. 63. 



I Fxiernet! Circuit | 

WVAW 

Fig. 65. 


Shunt Field I 



I FKternat Circuit I 

VWVWWV 

Fig. 54. 



I Fxfernai Circuit I 

VWVWV 

Fig. 66. 


Figs. 63-56. —Classification of Generators according to the Method of 
Exciting the Field Magnets. 


Potential ).—Current for the field magnets is supplied from a 
separate generator. In Fig. 55 this generator forms a part of the 
main machine by having a separate armature on the same shaft, 
while in Fig. 66 the field is supplied by a distinct machine called 
an exciter. 

(e) Compound Short-shunt Machines (Fig. 57) (Constant Potenr 
tioD —^The field cores contain two independent spools. One is 
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wound with a few turns of heavy wire, formii^ the scries coU, 
and connected in series with the main circuit; the other with a 
great many turns of smaller wire, forming the shunt coU, and 
connected in shunt with the armature. 

(f) Compound Lon^-shunt Machines (Fig. 58) (Constant PtOm- 
sS’me as (e) except that the shunt fie?d bridges not 



Fio. 67. 


Fio 53. 



Fig. 59. 


Fio. 60. 


Figs. 57-60.—Classification of Generators according to the Method of 
Exciting the Field Magnets. 


only the armature but also the series field; hence it is called a 
long shunt. 

(g) Separately-excited Atternating-currerU Generators (Figs. 65 
and 66).—The field magnets are excited by direct current from 
a separate exciter. Alternating current generators, or alterna¬ 
tors, always require an exciter, since the alternating current can* 
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not be employed to excite the fields. The exciter may he either 
a separate j^nerator or an independent direct-current winding 
upon the alternator shaft. 

(h) Compound Separately-excited Alternating-current Oenera- 
tors (Fig. 59).—^Two independent field windings correspond to 
the series and shunt coils of Fig. 57. The shunt coil is supplied 
from an exciter, while the main current, commuted, flows through 
the series field coils. This method is employed in the composite- 
wound alternators, a portion of the main alternating current is 
commuted by a device called a rectifier, located on the armature 
shaft. Its function is to change that portion of the alternating 
current intended for the series coils into a direct current" for pro¬ 
ducing the magnetization. Figure 60 shows a self-contained 
composite wound alternator. 

Generators may be further divided into the following three 
classes according to their mechanical airangement: 

1. A stationary field magnet and a revolving armature, 

2. A stationary armature and a revolving field magnet, 

3. A stationary armature and a stationary field magnet, between 
which is revolved a toothed iron core. 

Induced Voltage of a Generator.—It has been pointed out that 
the voltage or the electromotive force produced by a generator 
depends upon the following three conditions: 

1. The number of lines of force cut by the armature wires, 

2. The number and length of the cutting wires, 

3. The speed at which the armature revolves. 

It has been determined experimentally that an electromotive 
force of one volt is generated when one turn of wire cuts 100,000,000 
(usually written 10*) lines of force in one second. The induced 
voltage is then the product of the number of lines of force, or flux, 
and the number of times these are cut by the wire in one second, 
divided by 10*. 
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Iiiii 0 STRA.TioN: How many volts are generated in a wire whicb, 
cuts 4,000,000 lines of force 1,200 times a minute? 

1 200 

The rate of cutting is -7 — = 20 times a second, 

60 

Then, 

^ 4,000,000 X 20 

Indued voltage--^^5^555^.0.8,011 (Aaa.) 

From these relationships it is possible to develop the following 
formula for the volts developed in the armature of a generator 
when the number of poles is the same as the number of paths 
through the armature: 

CNR 


E = 


108 


when 


E = generated electromotive force in volts 
C = the number of active armature conductors 
N = the flux per pole 

R = the speed of the armature in revolutions per second. 


Illustration: What voltage is generated by a dynamo hav¬ 
ing 175 active conductors on its armature if the flux per pole is 
4,000,000 lines and the speed of rotation 1500 rpm? 


In this case, C = 175, N = 4,000,000, and R = 


1500 

60 


Then, 


„ CNR 

^ = Tor 


E = 


175 X 4,000,000 X 1500 
100,000,000 X 60 


E = 175 volts (Ans.) 
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Iixustrahon: An annature generates 220 volts of electro* 
motive force when rotating at a speed of 1200 rpm. What is the 
flux per pole if there are 250 active armature conductors? 


In this case, E — 220, C = 260, R = = 20 

™ , r, ONR 

The formula E = “ he transposed lo 


N = 


E X 108 
CR 


Substituting known values, 

220 X 100,000,000 


N = 


250 X 20 


JV = 220 X 20,000 
AT = 4,400,000 (Ans.) 


Action of a Shunt Generator.—Since a part of the current gen¬ 
erated by a shunt generator is used to energize the field magnets, 
the voltage in the external circuit is something less than the 
induced electromagnetic force. If the potential of the external 
circuit measures 112 volts, the induced electromotive force will 
be 112 + / X r, where I equals the current through the fields and 
r equals the armature resistance. 

A field rheostat is used to adjust the voltage in the external 
circuit. If this is set with the main circuit open so that the voltage 
will be, for example, 112 volts and the switch is closed so that more 
current flows from the armature, the voltmeter will at once indi¬ 
cate a lower potential of about 108 volts. If the speed is the 
same as before, the loss is due to two causes: first, there is an 
increased drop in the armature due to the additional current 
flowing through it, which lowers the potential difference at the 
brushes; second, the potential difference at the brushes being 
lowered, less current flows around the field so that there are not 
quite as many lines of force as before. 

A statement of the voltage of a generator at no load and when 
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carrying full load is spoken of as its voltage regxdation. The per¬ 
centage regulation is the ratio of the change in voltage between 
no-load and full-load to the voltage at full-load. 

% voltage regulation = 

(no-load voltage) - (full-load voltage) X 100 
full-load voltage 

IiXitrsTBATioN: The voltage of a shunt generator when oper¬ 
ating at no load is 112 and when operating at full load is 108. 
What is its voltage regulation? 

Percent regulation == 

112 - 108 4 

-ini ® percent (Ans.) 


Shunt generators are adapted only to installations where the 
load is fairly constant, when they require very little attention 
after the proper adjustment of the field rheostat has been made. 



Shunt Generator Problem: A shunt generator, Fig. 61, 
maintains 110 volts across 150 incandescent lamps joined in 
parallel, requiring 65 watts and 110 volts each. The lamps are 
located a distance from the generator and the resistance of the 
leads is 0.02 ohm. Resistance of the armature is 0.03 ohm and of 
the field coils is 35 ohms. 


1 . What is the potential difference at the brushes? 


/ 


P 

E 


. 55 

110 


X 150 = 75 amperes for lamps 
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JSr=*7XjB = 75 X 0.02 =* 1.5 volt drop in leads 

110 + 1.5 = 111.5 volts potential difference at brushes (Ans.) 

2. What is the total electromotive force generated? 

E 111 5 

/ = — = ‘ = 3.19 amperes through the fields 

R 35 

75 + 3.19 = 78.19 amperes through armature 

E — I X R = 78.19 X 0.03 = 2.35 volts drop in 
armature 

111.5 + 2.35 = 113.85 volts total emf (Ans.) 

3. What are the watts lost in the armature? 

P = E X / = 2.35 X 78.19 = 

183.7 watts lost in armature (Ans.) 

4. What are the watts lost in the field? 

P = P X / = 111.5 X 3.19 = 

355.7 watts lost in the field (Ans.) 

5. What watts are lost in the leads? 

P = P X I = 1.5 X 75 = 112.5 watts lost in leads (Ans.) 

6 . What power is supplied to lamps? 

P = E XI — 110 X 75 = 8,250 watts supplied to lamps (Ans.) 

Compound Machines.—The compound-wound generator pos¬ 
sesses the characteristics of both the series and the shunt dynamos. 
It is designed to pve automatically a better regulation of voltage 
on constant-potential circuits than is possible with a shunt 
machine. The shunt field is the same as in the shunt generator 
and independent series field spools are added, through which the 
main current flows. When current flows in the external circuit, 
the voltage at the brushes is not lowered, as in the shunt generator, 
since the series winding strengthens the field by the current flowing 
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through it and thus raises the voltage in proportion to the increased 
current. By a proper selection of the number of turns in the series 
coilS| the voltage is thus kept automatically constant for wide 
fluctuations in load. If a greater number of turns is used in the 
series coil than required for constant terminal voltage at all loads, 
the voltage will rise as the load is increased and thus make up for 
the loss on the transmission lines, so tliat a constant voltage will 
be maintained at some point distant from the generator. The 
machine is then said to be over-‘C'<ympounded. 

Compound-wound direct-current generators are used exten¬ 
sively in electric lighting and power stations and in electric rail¬ 
way power stations where the load is ve?*y fluctuating. 



Compound Generator Problem: A compound generator, 
Fig. 62, supplies 125 amperes at 112 volts to a group of lamps 
located a distance from the generator. The resistances are: 
Leads, 0.03 ohm; armature, 0.02 ohm; series coil, 0.03 ohm; and 
shunt coil, 42 ohms. 

1 . What is the potential difference at the brushes? 

E = J X B = 125 X 0.03 = 3.75 volts drop in 
leads. 

J12 + 3.75 = 115.75 volts potential difference at terminals 

Jg? = / X B = 125 X 0.03 = 3.75 volts drop in 
series field. 

115.75 + 3.75 == 119.50 volts pd at brushes (Ans.) 
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2. What ia the total electromotive force generated? 


E ^ 119.50 
R~ 42 


2.8 amperes through shunt field 


125 + 2.8 = 127.8 amperes total current through armature 

E = I X R = 127.8 X 0.02 = 2.556 volts drop in 
armature 

Total emf = 112 volts (lamps) + 3.75 volts (leads) + 3.75 volts 
(series coil) + 2.556 volts (armature) = 

122.06 volts (Ans.) 

3. What are the watts lost in the leads? 

P = X B = 125 X 125 X 0.03 = 468.75 watts (Ans.) 

4. What are the watts lost in the series coil? 

P = 72 X P = 125 X 125 X 0.03 = 468.75 watts (Ans.) 

5. What are the watts lost in the shunt coil? 

P = 72 X P = 2.8 X 2.8 X 42 = 329.28 watts (Ans.) 

6. What are the watts lost in the armature? 


P = 72 X P = 127.8 X 127.8 X 0.02 = 326.66 watts (Ans.) 

7. What is the power supplied to the external circuit? 

P = P X 7 = 115.75 X 125 = 14,468.75 watts (Ans.) 

Losses in a Dynamo.—The losses of power in a dynamo fall 
into two general classes: 

(1) Mechanical Losses, 

(2) Electrical Losses. 

(1) The mechanical losses include the friction between the 
armature shaft and its bearings, windage, and the friction of the 
brushes on the commutator. These friction losses are practically 
constant for all speeds. 
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(2) The electrical losses include the PR losses in the armature 
and fields and at the brush contacts, the losses due to eddy cur¬ 
rents and hysteresis. The losses in the field rheostat when it is in 
series with the field magnets of a generator should be included, 
even in separately-excited machines. 

All the losses may then be summed up as due to: 

(1) Mechanical friction 

(2) Electrical friction (r''aistance) 

(3) Magnetic friction (hysteresis) 


Efficiency of a Generator. —The efficiency of a generator is the 
ratio of the power output to the power input. When specific load 
conditions are not referred to it is always understood that the 
efficiency is expressed as of full or rated load. Instead of attempt¬ 
ing to determine the mechanical power input of a generator, it is 
sometimes more convenient to obtain an equivalent figure indi¬ 
rectly by adding the value of the losses to the output. We may 
then state, 

output output 

efficiency output & losses 


efficiency = 


P 

P + P 


when P = output of generator in watts 

p = total losses of generator in watts 

Illustration: If it requires 57 kw to drive a 50-kw generator, 
what is its efficiency? 

Here P + p = 57 

Then, eff = == § = 0.88 = 88 percent (Ans.) 

P + p 0/ 


Two efficiencies are recognized with electrical machinery, con^ 
verUional efficiency and diredly-meamred efficiency. Unless other- 
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wise specified, conventional efficiency is the one employed. Com 
ventional efficiency of machinery is the ratio of the output to the 
sum of the output and the losses; or of the input minus the 
losses, to the input. In either case conventional values are assigned 
to one or more of the losses. This is ne^ssary because it is prac¬ 
tically impossible to measure some of the losses in electrical 
machinery. 

The efficiency of a generator varies with the size of the machine 
and the load it is supplying. For example, a 6-kw dynamo may 
have as low an efficiency as 80 percent; a well-designed 40-kw 
machine, 90 percent, and a 500-kw generator, 94 percent. Again, 
a certain 200-kw generator may have an efficiency of 93 percent 
at full load, 92 percent at three-quarter load, 90 percent at half 
load, and 84 percent at one-quarter load. 

Direct Current Motors.—The principle of the operation of a 
motor is described on page 585 and much of the descriptive matter 
in the preceding paragraphs on generators applies equally well 
to motors. Motors may be classified as (a) series wound, (b) 
shunt wound, and (c) compound wound. 

Cotmter Electromotive Force of a Motor.—The wires of a 
motor armature, rotating in its own magnetic field, cut the lines 
of force just as if the armature were being driven as in a generator. 
Hence, there is an induced electromotive force in the wires. 
This induced pressure is in a direction opposite to that of the 
current applied to the armature. It is called the counter eledro- 
motive force and is always in such direction as to oppose the cur¬ 
rent applied at the terminals. A motor with no load will run at 
such a speed that the counter electromotive force is nearly equal 
to the applied pressure. 

The counter electromotive force of a motor running at any 
speed will be the same as when it is run as a generator at this 
speed, provided the field strength is the same in both cases. 
Hence, to find the counter emf of a motor at any speed, run it as 
a generator at this speed and measure the induced emf by a volt¬ 
meter. 

The counter emf in a motor can never equal the applied emf, 
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but is less by an amount equal to the drop in the motor armature. 
To find the current flowing through the armature of a motor: 

SuWrod tU counter etnf from the applied emf and divide thia 
reeuU by the armature resistance. This, Ohm’s Law appUed to a 
motor, may be expressed: 

4 

/ — ^ _ ^Qltage drop in armature 

r r 

when E = emf applied at motor brushes 
^ ~ counter emf developed by motor 
I — current through motor armature 
r = internal resistance of motor armature 

Illustration: A motor is connected to a 110-volt circuit. Its 
counter emf is 105 volts at a particular speed. What current is 
being supplied to the motor if the resistance of the armature is 1 
ohm? 

, E - ^ 110 - 105 

= — - -=--= 5 amperes (Ans.) 

The speed which any motor attains is such that the counter emf 
developed and the drop in the armature are exactly equal to the applied 
emf. This may be expressed by a transposition of the preceding 
formula. 

Counter emf -f- (/ X r) = applied emf, 
or (/ X r) = E. 

The voltage drop in the armature of a motor is a small per¬ 
centage of the applied pressure, perhaps 2 percent of the terminal 
pressure in a 500-kw motor and about 5 percent in a 1-kw motor, 
so that the coimter emf is not much different from the applied 
emf. Since the power driving a motor equals the applied pressure 
times the current, most of which is usefully expended in mechanical 
output, the counter emf is an essential and valuable feature of a 
motor rather than a detriment. 
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To find the counter electromotive force of a motor: 

Multiply the resistance of the armature by the current flawing 
through it and subtract this product from the emf applied to the motor 
brushes. This may be expressed as follows by again transposing 
the preceding formulas: 

S^E-(lXr) 

Illttstration: The armature resistance of a shunt-wound 
motor is 0.7 ohm; and at a certain load 10 amperes flow through 
it; the voltage at the motor brushes is 112 volts. What is the 
counter emf? 

<^= .B - (/ X r) = 112 - (10 X 0.7) = 105 volts (Ans.) 

When a motor is just starting, it is obvious that it has no 
counter emf. Then, if it were directly connected to the supply 



L“Lin« Terminal, F—Field Terminal A"" Armature Terminal 

Fia. A. 

mains, a tremendous amount of current would flow through the 
armature since its resistance is very low. This might result in 
considerable damage to the windings before a sufiScient counter 
emf has been built up to check the flow. The problem is solved 
by using a rheostat called a starting box to limit the current or 
lower the voltage until the motor attains its proper running speed. 
Such starting boxes are always used in the armature circuits of 
large shunt motors. 
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Mechanical Power of a Motor.—To find the mechanical power 
developed by a motor: 

Multiply the courtier emf by the current through the armature. 

P = S‘XI 

« 

The mechanical power developed includes that dissipated as 
mechanical friction losses and the power which is expended in 
eddy currents and hysteresis. 


Illustration: A small 110-volt motor whose armature resist¬ 
ance is 0.5 ohm runs at a speed to develop a counter emf of 105 
volts. 


1, What power is developed by tliis motor’ 


I = 


E- (f no - 105 
r 0.5 


= 10 amperes 


then P = <^X / = 105 X 10 = 1050 watts (Ans.) 

2. What power is supplied to this motor? 

P = P X 7 = no X 10 = 1100 watts (Ans.) 

Large motors are tested for output by coupling them to gen¬ 
erators and measuring the power which is developed by the latter. 

Output and Efliciency of Motors.—The capacity of motors to 
perform useful work is rated according to the amount of power 
they will maintain at full load at their pulleys, within the limit of 
permissible heating. The efficiency of a motor, as in the case of 
the generator, is the ratio of output to input. The energy fur¬ 
nished to a motor is readily measured and from this must be sub¬ 
tracted the losses in the motor to obtain the available energy. 
These losses are, (1) the PR losses in the armature and fields, and 
the stray power loss, which includes friction, eddy currents and 

hysteresis. 

output input — losses 

■ toSrt-topit 
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lUitrsTBATiON: A 6 -H.P. 110 -volt shunt-wound motor has an 
armature resistance of 0.2 ohm and a field resistance of 40 ohms. 
The counter emf for a certain speed under load is 100 volts and 
the stray power loss is 300 watts. 


(1) What is the efficiency? 


Armature current = Z = 


E - ^ _ no - 100 
r “ 0.2 


= 50 amperes 


E no 

Field current = / = — = = 2.75 amperes 

XV 40 

Voltage drop in armature = 110 — 100 = 10 volts 

Power loss in armature = P = JPXZ= 10 X 50 = 500 watts 

Power loss in field — P = E X I — 110 X 2.75 = 302.5 watts 

Stray power loss = 300 watts 

Total loss = 500-1- 302.5 -(- 300 = 1102.5 watts 

Power input in armature = P = F X Z = 110 X 50 = 

5500 watts 

Power input in field = 302.5 watts 
Total power input = 5500 -f- 302.5 = 5802.5 watts 
input — losses 5802.5 — 1102.5 


Efficiency = 


input 
4700 


6802.5 
= 0.81 = 81% (Ans.) 


5802.5 

(2) What is the power output? 

Motor output = 7 ^^ = 4.7 kw. or 7 ^^ = 6.3 H.P. (Ans.) 


1000 


746 


Current Required by Motor.—When the output, efficiency and 
voltage are known, the current required by the motor can be 
determined by the following rule: 

If the output of the motor is expressed in kilowatts (kw.), tnuU 
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tiply the kw. rating by 1000 and divide by the voUage of a motor and 
its efficiency. Expressing this as a formula, 


7 - X 1000 
Ex%M 

4 

when E = voltage required by the motor, 
kw. = kilowatt rating of the motor, 

%M = eflSciency of the motor expressed as a decimal. 


Illusteation: What current is required by a 30-kw., 220^volt 
motor whose efficiency is 85%? 


kw. X 1000 
E X %hf 


30 X 1000 
220 X 0.85 


= 160 amperes 


(Ans.) 


When the rating is given in horsepower (H.P.), multiply tkeH.P. 
by 746 and divide this product by the voltage of the motor and by its 
efficiency. This becomes, 

H.P. X 746 
EX%M ’ 


when H.P. = horsepower of the motor and the other factors are as 
above. 


Illustration: What current will be required by a 2-H.P. 110- 
volt motor whose efficiency is 90%? 


H.P. X 746 

EX7oM 


2 X 746 
110 X 0.90 


= 15 amperes 


(Ans.) 


ALTERNATING CURRENTS 

Advantages of Alternating Current.—An aUemating current 
of electricity is a current which changes its direction of flow at 
regular intervals of time, usuaUy much shorter than one second. 
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Alternating current has several advantages over direct current 
principally in transmission and distribution and for this reason, 
nearly all of the current generated today is alternating current. 

The following problem illustrates the economy which can be 
effected in the transmission of power by the use of high voltages 
obtainable only with alternating current. 

Illustration: 50,000 watts (50 kw.) of power are to be trans¬ 
mitted with a line drop of 2 percent. If the weight of copper 
required when the energy is delivered at 100 volts is assumed to 
be 1000 poimds, then the amounts of copper necessary for other 
voltages are as follows; 


Line 

Voltage, E 

Line 

Current, 1 
amperes 

Line 
Drop, e, 
volts 

Power 
Loss, /e, 
watts 

Line 

Resistance, 

/?=-, ohms 

Copper, 

Pounds 

100 

500 

2 

1000 

0.004 

1000 

200 

250 

4 

1000 

0.016 

250 

500 

100 

10 

1000 

0.100 

40 

1000 

50 

20 

1000 

0.400 

10 


These figures show that the weight of copper wire required for con- 
ducting a certain amount of energy with the same percentage loss on 
the line is inversely proportional to the square of the transmitting 
voltage. 

It can also be observed that for the transmission of the same 
amount of power, the increase in line voltage, Ej is accompanied 
by a proportionate decrease in line current. For the same power 
loss of 1000 watts the reduction of the current from 500 amperes 
to 250 amperes effects a saving in wire size. This is shown in the 
resistance column. For 500 amperes a line of 0.004 ohm resist¬ 
ance is used and for 250 amperes a line four times this resistance 
or 0.016 ohm is used. This indicates that wire of only one-quarter 




ELECTRICITY 


753 


the weight is used to transmit 250 amperes as compared with 600 
amperes. The figures in the last column show this fact. 

It is not feasible to build direct-current generators to deliver 
current at higher than 5000 volts, the limitation being in insula¬ 
tion and commutation. Thereforp, in order to obtain the econo¬ 
mies of high-voltage power transmission, it is necessary to use alter¬ 
nating current.. Alternators can be designed for as much as 20,000 
volts because the stationary .armature can be more readily insu¬ 
lated. Another factor in this consideration is that the voltage 
of direct current can be changed only by the coupling of two 
machines in a motor-generator set. On the other hand, trans¬ 
formers can be used to change alternating current eflBciently over 
a wide range. 



Cycles and Frequency of Alternating Current.—In the discus' 
sion of elemental generators it was seen that the electromotive 
force produced in each coil of an armature rises from zero to a 
maximum, then declines gradually to zero again, reverses in direc-*' 
tion, gradually attaining a maximum in the reversed direction, 
and then returning to zero. If the value of the electromotive 
force of one revolution is plotted as the ordinate and time as 
abscissa, the resulting curve will be as shown in Fig. 63. This is 
called a sinusoid or sine curve. 

When the alternating current or emf has passed from zero to 
its maximum value in one direction, to zero, then to its maximum 
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value in the other direction, and back to zero, the complete set of 
values passed through in that time is called a cycle. This cycle 
of changes takes place in a certain length of time called a period. 
The number of complete cycles in one sepond is called the/reguency 
of the pressure or current. Frequency is, then, cycles per second 
and is sometimes spoken of merely as cycles. That is, if an 
alternator performs the cycle of events depicted in Fig. 63 from 
B to C sixty times a second, it is said to have a frequency of 60 cycles. 
This would mean 120 changes in direction or alternations per 
second. Frequencies of 25 and 60 cycles are standard in the 
United States, 

To find the frequency in cycles of the pressure or current from 
any alternating current generator: 

Multiply the number of pairs of poles by the speed of the arma¬ 
ture in revolutions per second. This may be expressed as 

f r - ^ _P __ px^ 

■' 60 2 60 120 

when f = frequency (cycles per second) 

P = number of pairs of poles 

N = speed in revolutions per minute 

p = ntunber of poles. 

Illustration: What is the frequency of the current furnished 
by an alternator having 24 poles and running at a speed of 300 
revolutions per minute? 

/=PX^ = ^X^=12X6 = 60 cycles. (Ans.) 

With both the current and emf of alternating current constantly 
fluctuating, instantaneous values of these qualities are not of great 
practical concern. Meters used to measure alternating current 
voltage, amperage and wattage, measure only the average or 
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effective values. Alternating currents are expressed in terms of the 
value of the direct current which would produce the same heating 
affect and this is called the effective value. 

Phase and Polyphase.—When the current and the pressure 
of an alternating current both reach a maximum at the same time 
they are said to be in phase. (Fig. 64a.) If they do not reach a 
maximum at the same time they are said to be out of phase. 
Figure 64 6, c, d, shows three cases of the current being out of 
phase; in h it is said to lag behind, in c it is said to lead the voltage, 
and in d the curves are in opposite phase. This lag or lead'may be 



Fig. 64. —Current and Voltage Relations in Alternating-current Circuits, 
(o) Current in phase with pressure, (6) current lags behind impressed voltage, 
(c) current leads the pressure, (d) current lags 90 degrees. 


expressed as an angle and is usually represented by and is called 
angular displacement or difference in phase. The angle 4> is then 
called the phase angle. 

Phaseis also used to express the displacement of two or 
more different emf's or currents of equal frequency but lacking 
coincidence in time of rise and fall. An alternator which gen¬ 
erates a single pressure is called a single phase alternator; a 
machine which generates two or more separate emf^s is called a 
polyphase generator. 
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Three-phase generators are very widely used. In this case 
three sin^e-phase currents 120 degrees apart, as shown in Fig. 65, 
are generated. Theoretically three sets of two wires are required 
for the conduction of the current, but since the algebraic sum of 
the currents in the three circuits (if balanced) is at every instant 
equal to zero, the three return wires, one on each circuit may be 
dispensed with, leaving but three wires. 



Fia. 66.—Sine emf Curves of a Three-phase Alternator. 


Power Factor.—In the study of direct current we saw that the 
power expended in a circuit was the product of the applied emf 
and the current or E X I. In the alternating current circuits 
met with in practice there exists not only resistance, but other 
influencing forces which are called inductance and capacitance. 
(These are defined and discussed later.) The latter two cause the 
current to be out of phase with the impressed emf. As a result of 
this, the actual power is reduced. 

If we let P = power, E = effective voltage, and I — effective 
current, then E X / is called the apparent power and is expressed 
in volt-amperes or kilovolt-amperes (kva). However, if the cur¬ 
rent I has a lag of <f> degrees behind the emf, the adual power 
expended in the circuit is 

P == E X I X COB (t> 

The factor cos 0 is called the power factor of the circuit and is 
usually expressed in percent. Transposing, the above equation, 

P 


Power factor = cos ^ 


EXV 
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from which we may define power factor as the ratio of .the actual 
power to the apparent power. 

Illustration: What current will a 220-volt alternator pro¬ 
duce in a circuit which has a power factor of 86 percent and takes 
1 kilowatt? . 

In this problem P = 1000, E = 220, and cos <t> = 0.85. Then, 

P = E X I y cos <f> 

1000 = 220 X / X 0.85 
- 1000 
^ = ^3r^5 “ 

Inductance.—We have already referred to the fact that the 
flow of alternating current depends not only on the resistance but 
also on inductance. 

When a current flows through a wire it sets up a magnetic 
field about the wire. If the current is broken the change in the 
magnetic field is capable of inducing an emf in a nearby wire. 
This property is called inductance: its symbol is L and the unit is 
the henry. In a wire carrying an alternating current the current 
is broken many times a second. Not only does this tend to induce 
current in nearby wires, but in the current-carrying wire itself. 
This is called self induction and, moreover, the induced emf is 
opposite in direction to the current emf. The resulting opposition 
to the flow of the current may be considered as an apparent addi¬ 
tional resistance and is called inductive reactance to distinguish it 
from the resistance of the conductor. 

The value of inductive reactance is expressed in ohms and it 
depends on the factors given in the following formula: 

X, = 2irXf XL 

Where Xe = inductive reactance in ohms 

/ = frequency (cycles per second) 

L = inductance (henrys) 
v = 3.1416 
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This fomula is also useful in the transposed form 


L = 


X, 

2t Xf 


Illustration: What would be the inductive reactance of a 
coil of wire having an inductance of 0.03 henry when connected to 
an emf of 60 cycles? 

X. = 2x X / X L = 2t X 60 X 0.03 = 11.32 ohms (Ans.) 


Illustration: What is the inductance of a coil which has an 
inductive reactance of 2.5 ohms when connected to an emf of 
25 cycles? 


X, ^ 2.5 

2x X / ~ 2x X 25 


^ = 0.0159 henry 

2ir 


(Ans.) 


Resistance.—Resistance in an alternating-current circuit has 
exactly the same effect as it has in a direct current circuit. This 
property of an electric circuit always occasions a loss which appears 

as heat. If an alternating current 
of I amperes (effective value) 
flows through a resistance of R 
ohms, the loss will be PR watts. 

Components of Impressed emf. 
—The emf of a circuit must be 
sufficiently large to overcome the 
resistance and to overcome the 
inductive reactance. It may be 
regarded as having two compo¬ 
nents, one devoted to each of these functions, as shown in Fig. 66. 
The relationship between these components is given in the follow¬ 
ing definitions: > 

Resistance is that quantity which, when multiplied by the 
current, gives that component of the impressed emf which is in 
phase with the current. 

Reactance is that quantity which, when multiplied by the cur- 



PhaatoT 

Corrwt 


Fig. 66.—Components of emf Im¬ 
pressed on Inductive Circuit. 
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rent, gives that component of the impressed emf which is at right 
angles to the current. Then, when 

a6 = = jB7 = resistance drop 

6c = = 27r/L7 = reactance drop 

ac == E = impressed* emf 


According to the hypotenuse square rule of right triangles, 
therefore 

E = VEr^ + £.2 
or 

E = V(/ X R)^ + (/ X 27r/L)2 
In the following circuit the various elements are represented: 

E 

-o o- 

[<-—>U-Ee—>1 

R L 

Fig. 67-A 

These equations show that the voltage drop due to resistance 
and that due to reactance cannot be added arithmetically, but 
must be added geometrically at right angles 
to each other to obtain the total voltage 
on the circuit. 

Impedance.—The combined effect of 
resistance and reactance is called impedance 
to distinguish it from its two components 
which may also be represented graphically 
at right angles as in Fig. 67. Impedance has 
the symbol Z and is expressed in ohms. 

Then, __ 



/fies/sfanct 3 

Fig. 67. —Graphical 
Representation of Im¬ 
pedance. 


Z = VR^ + X.^ 
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Other variations of the above formula are also useful. Thus: 

Given the impedance and resistance, to find the reactance, use: 

X. = Vz^ - m 

Given the impedance and reactance, to find resistance, use: 

n = Vz2 - xj^ 

Capacitance.—Most circuits have the faculty of storing an 
electrical charge ^d a momentary flow of current takes place 
after the circuit is opened. This property is called capacitance 
and is utilized in condensers. It has been found that the current 
increases directly with the increase in capacitance and also with 
the increase of frequency. Therefore the apparent resistance due 
to the condenser, called capacitive reactance, decreases with, that is, 
is inversely proportional to these quantities and hence directly 
opposite in effect to inductive reactance. Then, if C is the 
capacitance in farads, and/the frequency, the capacitive reactance 
will be 


2wXfXC 

Illustration: What is the capacitive reactance of a 40-micro¬ 
farad condenser to an alternating current of 60 cycles? (1 micro¬ 
farad = one-millionth part of a farad) 

40 microfarads = 0.000040 farad. 


27r X / X c 2 X 3.1416 X 60 X 0.000040 0.0151 

= 66.3 ohms (Ans.) 

Circuits Having Inductance, Capacitance and Resistance.— 
When a circuit contains both inductance and capacitance, the net 
reactance, X, is equal to the arithmetical difference between the 
inductive reactance, X„ and the capacitive reactance, Xe, or 
X^X,- X., 
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Therefore the impedance of a circuit containing inductance, 
capacitance and resistance is equal to the square root of the 
quantity 

[resistance^ + (inductive reactance — capacitive reactance)®], 
or _ 

z = Vw + = Vr2 + {X. - Y.)2 

iLLUSTRATidN : What would be the combined impedance of a 
circuit, having a coil of 3 ohms resistance and of 0.01 henry 
inductance in series with a condenser of 60-microfarad capacity 
lo an alternating current of 60 cycles? 

-o a-, 

eo-v.-AC 


3-OAms 0,01 Henry OOM.h 

AAAA/ — IHJ -* 

Fig. 67-B 


Xe = 27rX/XL = 2X 3.1416 X 60 X 0.01 = 3.77 ohms 
~ 2-k XfXC ^ 2 X 3.1416 X 60 X 0.000060 ~ 


Z = V/?2 + (X, - Xe )2 = V32 + (3.77 - 44.^ _ 

= \/32 + (- 40.43)2 

Z — Vo + 1635.36 = 40.55 ohms (Ans.) 


Ohm’s Law for Alternatkig-Current Circuits.—In the early 
pages of this section Ohm’s Law applying to direct currents was 
stated in the three forms, 

E E 

/ = —, E = I X R, and R = j 
R ^ 


We have seen that instead of simple resistance we have in the case 
of alternating current a number of influences which when grouped 
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together are called impedance and designated by the letter Z. 
Then Ohm’s Law for alternating currents may be expressed: 

E E 

7 = -r, E - I X Z, ,and Z = — 

Z 1 

When E =» emf or the pressure applied to any circuit 

Z — impedance of the circuit expressed in ohms 

I = current strength in that circuit 


Illustration: (a) What current will flow through a coil with 
a resistance of 10 ohms and a reactance of 18 ohms when connected 
to a 60-cycle 110-volt circuit? (6) What current would flow if 
this coil were connected across a 110-volt direct-current circuit? 


Z = Vi22 + 


"102 + 182 = VlOO + 324 = 20.6 ohms 


E 

(a) 7 = ^ 


no 

20.6 


5.3 amperes (Ans.) 


E no 

(b) 7 = — = — = 11.0 amperes (Ans.) 
it/ 10 


. Impedance may be measured by the volt ammeter method in 
the same way as resistance is measured in a direct-current circuit, 
using, of course, an alternating-current voltmeter and ammeter, 
the impedance being calculated from Z = E -i-1. 

Transformers.—It has already been pointed out that one of 
the advantages of alternating current is that its voltage may be 
transformed at will to higher or to lower potentials. This is 
accomplished by a device called a tran^ormer which consists of 
two windings insulated from each other, but so situated that the 
magnetic flux developed by one of the windings threads through 
the other. By running an alternating current through the first 
winding, there is a constant change in the magnetic flux which 
induces a current in the second. The two windings are called the 
primary and the secondary, the primary being the winding which 
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receives the energy from the supply circuit and the secondary 
that which receives the energy by induction from the primary. 

Figure 68, illustrating three types of simple transformers, 
shows the relation of the two windings to each other and to the 
core built up from annealed punchipgs of thin sheet steel. Small 
transformers such as are placed on poles in power distribution 
circuits are confined in a cast iron or sheet steel case which is 
then filled with oil. The oil serves the double purpose of adding 
further insulation to the windings and of transmitting the heat to 
the case, where it is dissipated by radiation and air circulation. 
Such transformers are called self-cooled. Larger transformers 
such as are used in substations may have the oil cooled by circu¬ 
lating water or air or may be cooled by a blast of air circulated 
through the windings. 



Fig. 68. —^Types of Transformers. Left—core type; center—shell type; 
right—combined core and shell type. 

The transformation of the current from one voltage to another 
is accomplished by having more turns on one winding than the 
other. Thus, if the primary winding has 250 turns and the sec¬ 
ondary has 1000 turns, then the voltage available at the secondary 
terminals will be 1000 250 = 4 times as great as the voltage 

impressed upon the primary. If we let n 2 represent the number 
of turns on the high-voltage winding and ni the number of 
turns on the low-voltage winding, then the ratio n 2 -r- ni = r is 
called the ratio of transformatiorif and 

712 E 2 
Til El 

when E 2 and Ei are the respective voltages of the two windinga 
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When a transformer is used to deliver a current at a voltage higher 
than that it receives, it is called a atep-up transformer, and when 
it delivers a current at a lower potential it is called a step-down 
transformer. 

Transformers are very eflScient in their operation, often rating 
over 98 percent, so that for many practical calculations the losses 
may be ignored and the power output regarded as equal to the 
power input. Then, since power equals volts times amperes we 
may write 

P = El X h = E 2 X I 2 

where h and I 2 are the currents in the low and high voltage wind¬ 
ings, respectively. From this we may derive the following ratios: 

El I2 
E 2 h 

which states in effect that the ratio of the voltage is the inverse 
ratio of the currents in the two windings. 

Illustration: The primary voltage of a 15-kw. transformer 
used to supply electricity to a 220-volt circuit is 2200 volts. What 
is the ratio of this transformer and what are the full-load currents 
in the two windings, neglecting losses? 

This is, of course, a step-down transformer and Ei — 220 volts, 
E 2 = 2200 volts, P = 16,000 watts. Then 



E 2 2200 . 

El 220 ' 



P ^ El Xh 


then 

, P 15,000 

El 220 ^ 

(Ans.) 

and 

, P 15,000 

i 2 = „ = = 6.8 amperes 

E 2 2200 ^ 

(Ans.) 


Illustration: What are the full-load currents in the two 
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windings of a 30-kw. transformer used to supply electricity to a 
110-volt circuit if the primary voltage is 3300 volts? 

30,000 

^ 273 amperes (Ans.) 

30,000 

“ggQQ =9-1 amperes (Ans.) 

Alternators.—The principles of the alternating current genera¬ 
tor have already been discussed and the three principal types 
classified and described. Revolving field alternators are used 
practically to the exclusion of all other types in power generating 
stations. Their field magnets wound in slots revolve inside a 
stationary armature similarly wound. This results in a well- 
balanced machine of low resistance which can be successfully 
operated in connection with high-speed turbines. The revolving 
field magnets are energized by direct current which reaches them 
through slip rings. This current is often of a much lower potential 
than that received from the stationary armature. 

Alternating-current generators are usually rated in kilovolt¬ 
amperes (kva) instead of kilowatts, since it is impossible for the 
manufacturer to know in advance the amount of inductance and 
capacitance of the circuits to which the alternator is required to 
furnish power. 

Conversion.—^While practically all electric power is generated 
as alternating current, some functions are best served by direct 
current and it is convenient to have some means of changing the 
alternating current to direct current. This is called conversion. 

Street railways usually operate on direct current and the power 
supplied is most frequently converted to direct current by a 
machine called a rotary converter. This is essentially an alternator 
and a direct-current generator combined in one machine. Its 
revolving armature receives alternating current through slip i^gs 
and by tapping the armature coils at proper points and connecting 
them with a segmented commutator, direct current may be taken 
off by means of brushes. 
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When only a small amount of direct current is required from 
an alternating-current source, a device known as a rectifier may be 
used. This permits the current to pass in only one direction. The 
four common types in use are, the mercury-arc rectifier, the vibrat¬ 
ing rectifier, the tungar rectifier and an electrolytic rectifier. These 
find use in electroplating, storage-battery charging and radio work. 

Alternating Current Motors.—^A detailed description of alter¬ 
nating current motors is beyond the scope of this work because 
the mathematical problems connected with these machines are 
the concern chiefly of the designer and engineer. However, for 
the sake of completeness we will list the important t3q)es. 

1. The polyphase induction motor of the squirrel-cage armature 
type is the most widely used alternating current motor in industrial 
service. It consists of a wound stationary part called the stator, 
which corresponds to the field magnets of a direct-current motor, 
and a rotating member called the rotor, which corresponds to the 
armature. Polyphase alternating currents flowing through the 
stator set up a rotating magnetic field which induces a ciurent in 
copper bars parallel to the axis of the rotor and the reaction of the 
magnetic flux of these rotor conductors against the rotating field 
produces rotation of the rotor. Some motors of this type have a 
wound rotor to inject resistance into the rotor winding and obtain 
a higher starting torque. 

2. The single-phase induction motor differs from the pol 3 q>hase 
motor chiefly in that provision must be made for starting the 
motor and bringing it up to a speed corresponding to the frequency 
in the stator windings. This is done by one of three methods. 
(1) the split-phase methods in which an auxiliary stator winding 
is provided for starting purposes only, (2) an auxiliary winding 
may be connected to the single-phase line through an external 
inductance to split the phase, and (3) by providing a wound rotor 
and a commutator for starting as a repulsion motor. 

3. Single-phase commutator motors may be divided into three 
sub-types: plain repulsion, single-phase series, and repulsion induc¬ 
tion motors. Of these the second is the simplest form and in 
general design is practically the same as the direct-current series 



ELECTRICITY 


767 


motor. It may be operated on either direct current or alternating 
current and for this reason it is widely used for operating house*^ 
hold appliances and small tools. 

4. The synchronous motor is constructed in. practically the 
same manner as a corresponding alternator, and any alternator 
may be nu^ as a synchronous motor. However, some auxiliary 
means must be provided for bringing this type of motor up to 
synchronous speed before it is connected to the alternating current. 
This is usually accomplished hy attaching to the rotor an auxiliary 
cage winding similar to the rotor winding of a squirrel-cage induc¬ 
tion motor. 

WIRE CALCULATIONS 

Mil-foot.—In caloiilaling the resistance of wire, the standard 
unit used is a wire inch in diameter aiid one foot long. Such 
a piece of wire is called a miUfoot, The word mil,'' however 
used, means one-thousandth. The cross-sectional area of a wire 
whose diameter is one mil is one circular mil. Since areas of like- 
shaped surfaces vary as the squares of their dimensions^ it follows 
that the cross-sectional area of a circle whose diameter is 2 mils, 
is 4 circular mils (See Fig. 69); one whose diameter is 3 mils has an 
area of 9 circular mils, etc. From this we may devise the rule 
that: 

When d represents the diameter of a wire in mils, d^ ic its cross’- 
sectional area in circular mils. 

The resistance of one mil-foot of copper wire is 10.79 ohms at 
75® Fahrenheit. The resistance of 
ten feet will be 107.9 ohms. One 
foot of copper wire iiich in 

diameter will have one-fourth the 
resistance, or 10.79 divided by 4 = 

2.70 ohms. Resistance of a conductor 
varies directly as the length, inversely 
as the cross-sectional area, with the 
material of the conductor, and with its 
Urniperodure .. 


o 

Fig. 69. —The Diameter of the 
Larger Circle is Twice as Great 
as that of the Smaller, but the 
Area is Four Times as Great. 
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Calculating Resistance of Wires.—Given the length and area 
of any wire, to find its resistance: 

The resistance of any wire at a given temperature is equal to its 
length in feet multiplied by the resistance of a milrfoot (K) and this 
product divided by its area in circular mtls. 


When 


R = resistance in ohms 
K = resistance of one mil-foot in ohms 
L — length of wire in feet 
d = diameter in mils 
(F = area in circular mils 


Illustration: What is the resistance of 500 feet of copper 
wire having a cross-sectional area of 4107 circular mils? 

K for copper == 10.79 
= 4107 


Then 


R = 


KXL 

<P 


10.79 X 500 
4107 


1.31 ohms (Ans.) 


Illustration: Find the resistance of a copper wire 10.03 mils 
in diameter and 85 feet long. 

K = 10.79 
d = 10.03 
= 100.5 


Then R 


KX L 
cP 


10.79 X 85 
100.5 


9.13 ohms (Ans.) 


The value K is constant for the same wire, but different for 
each metal. We have seen that it is 10.79 ohms for copper at 75° 
Fahrenheit. The value of K for other metals is given in Table 3. 
The variation of resistance with temperature is roughly propor¬ 
tional to the absolute temperature. The following table is based 
on a temperature of 68° Fahrenheit. 
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TABLE 3 

Resibtancb of a Muj-foot of Metals (VaIiXtes of ^ 

Silver, 9.84 Zinc, 36.69 German Silver, 128.29 

Copper. 10.79 Platinum, 69.02 Platinoid, 188.93 

Aluminum, 17.21 Iron, 63.35 Mercury, 686.24 

Illustration: Substitute iron wire for (>opper wire in the 
preceding illustration. It then calls for the resistance of an iron 
wire 10.03 mils in diameter and 85 feet long. 

K = 63.35 
d = 10.03 
= 100.5 


Then R = 


KXL 63.35 X 85 


= 53.57 ohms (Ans.) 


From this it is seen that the resistance of iron is about six times 
that of copper. 

Wire Gage.—This is the term used in describing the size of 
wire. There are a number of wire gages which have been devel¬ 
oped by different manufacturers. The American standard for 
electrical purposes is the B. & S. gage (Brown & Sharpe Manu¬ 
facturing Company). 

Wires larger than No. 0000 B. & S. are seldom made solid but 
are built up of a number of small wires. The group of wires is 
called a “ strand the term “ wire ” being reserved for the indi¬ 
vidual wires of the strand. Strands are usually built up of wires 
of such a size that the cross-section of the metal in the strand is the 
same as the cross-section of a solid wire having the same gage 
number. The sizes of wire larger than No. 0000 are given only 
in circular mils. 

Wire Calculations.—Given the resistance and area of a wire, 
to find the length. 

The length of any vnre is equal to its resistance multiplied by its 
circular mil area, and this product divided by the resistance of a mtlr 
footiK). 


, RXdP 



««« 8^8 888 888 888 888 888 888 SS« ««.« 
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TABLE 4 

WiBB Tablb, Standard Annbalbd Coppbr at a Tempbraturiq 
OP 25® Cbntigradb (77® Fahrbnhbit) 

American Wire Ga^e (Brown & Sharpe) 
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Illustration: What is the length of a German silver wire 
wound on a spool if its resistance is 30 ohms and the size of the 
wire is No. 20 B. & S.? 


K = 128.29 for German silver (See Table 3) 
No. 20 B. & S. = 1022 circular mils (See Table 4) 


Then 


L = 


RX(P 

K 


30 X 1022 
128.29 


= 239 feet 


(Ans.) 


Given the length and resistance of a wire, to find the area: 
The area in circular mils of any wire is equal to its length multi¬ 
plied by the resistance of a mil-fool (K) and this product divided by 
its resistance. 




L X X 
U 


Illustration : A reel of 800 feet of copper wire has a resistance 
of 5 ohms at 75° F. What is its circular mil area? 


K = 10.79 for copper at 75° F. 


Then = 


L X X 800 X 10.79 


= 1,726 circular mils (Ans.) 


R 5 

Illustration: A mile of aluminum wire on a power line has a 
resistance of 1.086 ohms. What is its circular mil area? 

1 mile = 5280 feet 

X = 17.21 for aluminum (See Table 3) 


Then ^ = 


^ ^ = 5280 X 17.21 _ g3 073 ( 5 ifgularmils (Ans.) 

R 1.086 

This is evidently a No. 1 wire whose area is 83,690 circular mils. 
When the area in circular mils is known, the square root of this 
number is the diameter in mils, or thousandths of an inch. 

Given the area of a wire, to find its weight: 

The weight per mile (5280 feet) of any bare copper wire tn pmnds 
is equod to the area in circular mils divided by the constant 6B.5. 

Pounds per mile g 2 5 
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IiiLTJSTBATiON: Copper telegraph wire 14-gage B. & S. is fur¬ 
nished in coils containing 1.20 miles. What is the weight of such 
a coil? 

d* = 4107 circular mils for 14;gage wire (See Table 4) 
d® 4107 

Then, weight of 1 mile = ——: = —— = 66 pounds 
’ * 62.5 62.5 

weight of coil = 66 X 1.2 = 79.2 pounds (Ans.) 

Copper weighs about 555 pounds per cubic foot and iron about 
480 pounds. Therefore, the weight of a length of iron wire would 
be M times that of a corresponding length of copper wire. 

Illustration: If the wire in the preceding illustration were 
iron instead of copper, what would be its weight? 

79.2 X = 68.5 pounds (Ans.) 

Finding Size of Wire Required.—The formula given on page 

Ly(,K 

622 for the determination of the area of a wire needed, d^ = —-—, 

R 

may be transformed for more practical application by expressing 
the resistance {R) in terms of current and voltage drop. From 

E 

Ohm’s Law we have ^ J 


whence. 


LXK 

E 

1 


LXKXI 

E 


Illustration: A power line 800 feet long is run to a motor 
requiring 25 amperes. The voltage drop in the line must not 
exceed 20 volts. What size wire will be required? 


d2 = 


LXKXI 

E 


800 X 2 X 10.79 X 25 
20 


21,580 circular mils 


Referring to Table 4, the wire size next larger than this area is 
gage 6, and this should, therefore, be the wire used. 
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Motor Wiring Calculations.—When the horsepower rating, 
voltage and efficiency (cf. page 601) of a motor are known, the size 
of the wire in circular mils necessary to transmit energy to the 
motor may be found by the following rule: 

Multiply the rated horsepower^ of the motor by 74S, then by the 
length of the circuit in feet and then by 10.79; divide the result by the 
product of the voltage required by the motor, the drop on the line and 
the efficiency of the motor . This may be expressed as a formula, 


cir mils = 


h.p, X 746 X L X 10.79 
EXeX%M 


When h.p. = horsepower rating of motor 

L = length of single conducting wire in feet 
E = voltage required by motor 
e = voltage drop in conductor 
%M — efficiency of a motor expressed as a decimal 


Illustration: A 75-h.p. 220-volt motor is to be located 86 feet 
from a source of power. What size of wire is required if the effi¬ 
ciency of the motor is 90% and the greatest permissible voltage 
drop between the transformer and the motor is to be 10 volts? 


Circular mils = 


h.p. X 746 X L X 10.79 

E XeX %M 

75 X 746 X 2 X 85 X 10.79 
220 X 10 X 0.90 
102,824,885 


1980 


= 51,932 circular mils (Ans.) 


What current will this motor require? (Cf. page 602.) 


I = 


h.p. X 746 75 X 746 


E X %M 220 X 0.90 


= 28 amperes (Ans.) 


Referring to Table 4, the wire size next larger than 51,932 circular 
mils is B. & S. gage No. 3 which has an area of 52,640 circular mils. 
Checking further on Table 6 it is seen that gage No. 3 wire has a 
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safe canying capacity of 80 amperes. Number 3 wire is then the 
proper size to use. 

Installation of Interior Wiring.—All interior wiring must be 
installed in such a manner that it will be protected from mechani¬ 
cal injury and be safe as regards fire hazard or danger to life. 
Only approved materials may be used and the work must conform 
to the local building codes or fire ordinances and to the rules of the 
National Board of Fire Underwriters as set forth in its “ National 
Electrical Code.” This code is in effect throughout the United 
States and Canada, and gives definite rules for the installation of 
all kinds of wiring. It also specifies carefully the kind of material, 
such as wire, conduit, fuses, etc., that may be installed. Copies 
of the code may be obtained by applying to any office of the 
National Board of Fire Underwriters. 

Installation of wiring for light or power service, at voltages not 
exceeding 500 volts, may be done by any of the following plans, 
all of which are approved by the code, but the use of some of them 
is restricted in special places. 

Open or Exposed Wiring.—^Wires are supported on porcelain 
knobs or cleats; the knobs or cleats should separate the wires 
about 2^ inches and should be ^ inch from the surface along 
which they run. 

Concealed, Knob and Tube.—Wires are concealed between 
floor beams and studs of a building, knobs being used to support 
wires when run parallel to beams or studs and porcelain tubes when 
run at right angles through the beams or studs. 

Molding Work.—Wires are run in a wood or metal molding. 
The metal molding consists of a sheet steel trough or backing and 
a steel cover which is snapped on the backing after the wires are 
in place. Wood molding consists of a backing with grooves for 
the wires and a capping which is nailed to the backing after the 
wires are in place; this molding is made for two and three wires. 
Molding work is particularly adapted to the wiring of buildings 
after their completion and has the advantage of cheapness, sim¬ 
plicity and accessibility. 

Rigid Conduit—Wires are run in unlined conduits which are 
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fiee from scale on the inside and are coated with enamel on the 
inside and outside; the outside is sometimes galvanized when used 
where the pipe is exposed to the weather. Conduits must be con¬ 
tinuous from outlet to outlet, at which places metal junction boxes 
made for the purpose are located; the conduit must properly 
enter and be secured to all fittings, and the system must be 
mechanically strong. Conduit affords the best protection to the 
wires from mechanical injury and may be used for all r-lnanAg of 
service. It is chiefly used in buildings of fireproof construction 
where wires are concealed; it is also frequently used for circuits 
run exposed in power houses and mdustrial establishments. Con¬ 
duit systems must be grounded, that is, connected to the earth, 
by connecting the conduit to a water pipe (on the sti'eet side of the 
meter); grounding is necessary so that in the case of a breakdown 
of the wire insulation, the conduit will not be charged to a danger¬ 
ous potential. Table 5 applying to complete conduit systems 
shows the size of conduit required for several wires. 

Flexible Conduit.—Wires are installed in a flexible conduit 
that is made of steel strips woimd spirally to form a tube; the 
edges of the strip interlock in such a manner that the tube can be 
bent to a small radius. Flexible conduit is generally used in con¬ 
cealed work where rigid conduit could not be used. It is not 
water-tight and therefore is not as suitable as the rigid conduit 
where exposed to moisture. 

Armored Cable.—A flexible armor similar to the above flexible 
conduit is placed directly upon the wire. The wire is rubber insu¬ 
lated and covered with a braid the same as the wire used in metal 
conduit systems. This armored cable is made with either single, 
double, or triple conductors and is used for the same classes of 
service as the flexible conduit; in fact, it is used more frequently 
than the flexible conduit since it is cheaper and easier to install. 

Demand Calculations for Feeder or Service Wires.—Sizes of 
feeder wires to supply both light and power loads are determined 
on a basis of the type of building they are to serve and the floor 
areas. For example, the minimum watts per unit area and demand 
factors for single-family dwellings are: 
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TABLE 6 

Sizes of Conduits for Two-wire and Three-wire Systems 
Number of Wires in One Conduit 

Size of Wire i(2|3|4|*5l6|7|8|9 
Minimum Size of Conduit in Inches 


No. 14 
12 
10 
S 
0 
5 
4 
3 
2 
1 
0 
00 
000 
0000 

200000C 
225000 
250000 
300000 
350000 
400000 
450000 
500000 
550000 
600000 
650000 
700000 
750000 
800000 
850000 
900000 
950000 
1000000 
1100000 
1200000 
1250000 
1300000 
1400000 
1500000 
1600000 
1700000 
1750000 
1800000 
1900000 
2000000 


H H 


1 

1 

M. IH 
IH 
IH 
IH 
IH 
IK 
IK 
IK 
IK 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2K 
2K 
2K 
2K 
2 K 
2K 
2K 
3 
3 
3 
3 
3 


K K 

If ^ 


IK IK IK 
IK IK IK 
IK IK IK 
IK IK IK 
IK IK 2 
IH 2 2 

2 2 2H 

2 2 2H 

2 2H 2H 

2 2H 2H 
2K 2H 3 
2K 2H 3 
2H 3 
2K 3 

3 3 3H 

3 3 3H 

3 3 3H 

3 3H 4 

3 3H 4 
3K 3K 4 
3K 3H 4H 
3K 3H 4H 
3K 4 4H 
3K 4 4H 
3K 4 4H 

4 4 5 

4 4 5 

4 4K 6 

4K 4H 6 
4K 4H 6 
4H 3 6 

4K 5 6 

4H 5 6 

5 5 6 

5 5 6 

5 5 6 

5 6 6 

5 6 

5 6 


1 

IH IH 

m 2 


2H 214 
214 3 


2 2 


3 3 


3H 3J 
9H 4 
3i4 4 




ELECTRICITY 


777 


One watt per square foot, plus 1000 watts for appliances. 

For area of 2000 or less square feet, demand 100 percent; for 
all excess over 2000 square feet, 60 per cent. 

No demand shall be applied in connection with appliance loads. 

Illustration: What minimuVn size of feeder is required for 
a single-family dwelling having a floor area of 3800 square feet 
exclusive of unoccupied cellars, unfinished attics, and open porches? 

Area in sq. ft., 3800 X 1 watt per sq. ft. = 3800 watts 


Allowance for appliances. = 1000 watts 

__ » 

Computed load... = 4800 watts 


Demand selected for this occupancy, first 2000 square feet 
= demand 100 per cent; excess over 2000 square feet = demand 
60 per cent. Then 

2000 sq. ft. at 1 watt per sq. ft. X 1-= 2000 watts 

1800 sq. ft. at 1 watt per sq. ft. X 0.6 .. = 1080 watts 


Allowance for appliances.= 1000 watts 

Load after applying demand. = 4080 watts 

For 110-volt, 2-wire system: 


4080 watts -J- 110 volts = 37.1 amperes 

Size of conductors = No. 6 for each wire (Ans.) 

For 220-volt, 2-wire system: 

4080 watts 220 volts = 18.65 amperes 

Size of conductors = No. 12 for each wire (Ans.) 

For 110-220-volt, 3-wire system: 

4080 watts -7- 2 X 110 volts = 18.55 amperes 
Size of conductors = No. 12 for each wire (Ans.) 

For 120-208 volt, 4-wire, 3-phase system: 

4080 -5- 3 X 120 volts = 11.35 amperes 

Size of conductors = No. 14 for each wire (Ans.) 
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TABLE 6 

Allowabld Cafacitt ov Wibbs 


6»ge 

Ho. 

Diamster of 
Solid Wires 
in Mils 

Area in 

Gironlar 

Mils 

Colunn A 
Rubber In¬ 
sulation, 
Amperes 

Column B 
Varnished 
Gambrio 
Insulation,. 
Amperes 

Column 0 
Others 
Insulation^ 
Amperes 

18 

40.3 

1.624 

8 


6 

16 

60.8 

2.588 

6 


la 

14 

64.1 


15 

18 


18 

80.8 

6.580 

20 

26 


la 

■msi 


25 

80 

85 

8 

128.5 

16,610 

85 

40 

50 

6 


26,250. 

50 

60 

70 

6 

181.9 

88,100 

65 

65 

80 

4 


41,740 

70 

85 

90 

8 

229.4 

68,680 


95 

100 

2 

857.6 

66,870 

90 

no 

125 

1 

889.8 

88.690 

100 

120 

160 

0 

825.0 


126 

160 


00 

864.8 

188,100 

150 

180 

225 


409.6 

167.800 

176 

210 

275 





240 


0000 

460.0 

811,600 

226 

270 

826 



850,000 


800 




800,000 

276 

880 

400 



850,000 


860 

450 



400,000 

825 

890 

500 



600,000 

400 

480 

600 



600,000 

460 

540 

680 



700,000 

500 

600 

760 



760,000 

525 

630 

800 



800,000 


660 

840 



900,000 

600 

720 

920 



1.000,000 


780 

1,000 



1,100,000 

690 

880 

ls080 



1,200,000 


880 

1,160 



1,800,000 

770 

920 

1,220 



1,400,000 

810 

970 

1,290 



1,600,000 

850 

1,020 

1.360 



1,600,000 


1,070 

1,480 



1,700,000 

980 

1,120 

1,490 



1,800.000 

970 

1,160 

1.660 



1,900,000 

1,010 

1,210 

1,610 



8,000,000 

1,050 

1,260 

1.670 


1 Mil =s 0.001 inch. 


*Applicable to bare conductors also pending outcome of ia> 
yestigations. 
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The specifications for buildings other than single-family 
dwellings are contained in the ‘‘ National Electrical Code and 
the computations are carried out in the same manner as above. 

Wire Sizes for Branch Circuits.—That portion of the supply 
conductors which extends from the street or duct or transformers 
to the service switch of the building supplied is called the service 
circuit. That portion of the wiring system which extends beyond 
the final automatic overload protective device (fuse box) is called 
the branch circuit. 

The sizes of wire required for lighting circuits or combination 
lighting and power circuits for dwellings and apartments connected 
to separate meters may be computed as above. However, most 
local codes and good practice require a minimum size of No. 14 
wire for these circuits while No. 18 flexible wire is permitted 
in fixtures and drop cords. 

These minim um sizes are usually the governing factors for 
ordinary requirements. Where, however, special heating or power 
units are to be used, the sizes of wire must be computed or obtained 
from a table. If a circuit is to be run for a motor, and the voltage 
and the current which the motor will use are known, the size of the 
wire required may be found in Table 7. 

Illustration: What minimum size of rubber-covered copper 
wire would be required for a motor with a full-load current rating 
of 40 amperes? 

Running down column 1 of Table 7 until 40 is reached, size of 
rubber-covered wire is found in column 2 to be No. 6. (Ans.) 

If the wiring is being done for a motor whose power require¬ 
ments are not known, but whose horsepower is known, the current 
required may be found from Table 8. 

Illustration: What size of slow-burning wire would be 
required for a 50-horsepower, 220-volt, 2-phase, induction-type, 
alternating-current motor? 

Current required (from Table 8) = 108 amperes 
Size of wire (from Table 7) =* No. 1 (Ans.) 



TABLE 7 

For Selecting Wire and Fuse Sizes for Motor Branch-Circuits. 


780 HANDBOOK OF APPLIED MATHEMATICS 



aee end of Table $ of this section. 
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See end of Table 8 of this section. 
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TABLE 8 

Full-Load Motor Currents 


DIRECT CURRENT MOTORS 

Amperes 


HP 

115 V 

230V 

650V 

. 

. 4.5 

2.3 

— 

. 

. 6.5 

3.3 

1.4 

1* . 

. 8.4 

4.2 

1.7 

. 

. 12.5 

6.3 

2.6 

2 . 

. 16.1 

8.3 

3.4 

3 . 

. 23 0 

12.3 

6.0 

5 . 

. 40 

19.8 

8.2 

7}^ . 

. 58 

28.7 

12.0 

10 . 

. 75 

38 

16.0 

15 . 

. 112 

56 

23.0 

20 . 

. 140 

74 

30 

25 . 

. 185 

92 

38 

30 . 

. 220 

no 

45 

40 . 

. 294 

146 

61 

50 . 

. 364 

180 

75 

60 . 

. 436 

215 

90 

75 . 

. 540 

268 

111 

100 . 

. — 

357 

146 

125 . 

— 

443 

184 

150. 

— 

— 

220 

200 . 

. — 

— 

295 



SINGLE-PHASE A. C. 

Amj)ercs 

MOTORS 


HP 

llOV 

220V 

440V 

H* . 

. 3.31 

1 .67 

— 

H* . 

. 4.8 

2.4 

— 

Vi* . 

. 7 

3.5 

— 

H* . 

. 9.4 

4.7 

— 

1* . 

. n 

5 5 

— 

m . 

. 15 2 

7.6 

— 

2 . 

. 20 

10 

— 

3 . 

. 28 

14 

— 

5 . 

. 46 

23 

— 

7H . 

. 68 

34 

17 

10 . 

. 86 

43 

21.5 


For full-load currents of 208- and 200-volt motors, increase corresponding 
220-volt motor full-load current by 6 and 10 per cent, respectively. 


♦ See p. 637. 
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TABLE 8.— (Continued) 
Fuli/-Load Motob Cuekknts 


TWO-PHASE A.C. MOTORS (4-WIRB)’f 


Induction Type 

Squirrel-Cage and Wound Rotor 
Amperes 


S 3 Ticliroriou 8 Type 
*’***Unity Power i'actor 
Amperes 


fl.p. 

llOV 

220V 

440V 

550V 

2200V 

220V 

440V 

550V 

2200V 


4.3 

2 2 

1.1 

.9 






H* 

4.7 

2.4 

1.2 

1.0 

— 

_ 

_ 



1* 

5.7 

2.9 

1.4 

1.2 

— 

— 

— 

— 

— 


7.7 

4.0 

2 

1.6 






2 

10.4 

5 

3 

2 0 

— 

— 

— 

— 

_ 

3 

— 

8 

4 

3.0 

— 

-- 

— 

— 

— 

5 

_ 

13 

7 

6 

— 

_ 

_ 



7y2 

— 

19 

9 

7 

— 

— 

— 

— 

— 

10 

— 

24 

12 

10 

— 

— 

— 

— 

— 

15 

_ 

33 

16 

13 

_ 

_ 

_ 

_ 

_ 

20 

— 

45 

23 

19 

— 

— 

— 

— 

— 

25 

— 

55 

28 

22 

6 

47 

24 

19 

4.7 

30 

_ 

67 

34 

27 

7 

56 

29 

23 

5.7 

40 

— 

88 

44 

35 

9 

75 

37 

31 

7 5 

50 

— 

108 

54 

43 

11 

94 

47 

38 

9.4 

60 

___ 

129 

65 

52 

13 

111 

56 

44 

11.3 

75 

— 

156 

78 

62 

16 

140 

70 

57 

14 

100 


212 

106 

85 

22 

182 

93 

74 

18 

125 


268 

134 

108 

27 

228 

114 

93 

23 

150 

— 

311 

155 

124 

31 

— 

137 

110 

28 

200 

— 

415 

208 

166 

43 

— 

182 

145 

37 


* See faoinff page, 
t Bee facing page. 
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TABLE 8.— (Concluded) 

Fux<Ii-Load Motor Currents—three-phase a.c, motors 


Induction Type Synchronous Type 

Squirrel-Cage and Wound Rotor Unity Power Factor 

_Amperes_Amperes_ 


HP 

llOV 

220V 

440V 

5S0V 

2200V 220V 440V 550V 2200V 

14* 

5 

2.5 

1.3 

1 

- 

- 

— 

. - 


H* 

5 4 

2.8 

1.4 

1.1 

— 

■ — 

— 

— 


1 ♦ 

6.6 

3.3 

1.7 

1.3 

— 


— 

— 

— 

IH 

9.4 

4.7 

2.4 

2.0 


-■ - 


_ 


2 

12 

6 

3 

2.4 

— 

— 

— 

— 

— 

3 

— 

9 

4.5 

4 


— 

— 

— 

— 

5 


15 

7.5 

6 

■ 


- - 


_ 


— 

22 

11 

9 

— 

— 


— 

— 

10 


27 

14 

11 






15 

- 

38 

19 

15 


■ 

■ - 

_ 

■ - 

20 

— 

52 

26 

21 

— 

— 

— 

—- 

—— 

25 

— 

64 

32 

26 

7 

54 

27 

22 

5.4 

30 


77 

39 

31 

8 

65 

33 

26 

6.5 

40 

— 

101 

51 

40 

10 

86 

43 

35 

8.6 

50 

— 

125 

63 

SO 

13 

108 

54 

44 

10.8 

60 

- 

149 

75 

60 

IS 

128 

64 

51 

13 

75 


180 

90 

72 

19 

161 

81 

65 

16 

100 

— 

246 

123 

98 

25 

211 

106 

85 

21 

125 

■ - 

310 

155 

124 

32 

264 

132 

105 

26 

150 

...... 

360 

180 

144 

36 

— 

158 

127 

32 

200 


480 

240 

195 

49 


210 

168 

42 


For full-load currents of 208 and 200-volt motors, increase the cor¬ 
responding 220-volt motor full-load current, by 6 and 10 per cent, 
respectively. 

Footnotes 

tValues of current in common wire of 2-phase 3 wire system will be 
1.41 times value given, 

tThese values of full-load currents arc average for all speeds and fre¬ 
quencies. 

’^Por running protection of motors of 1 h.p. and less, see exception 1 
of paragraph c of Section 808. 

**Por the grouping of small motors under the protection of a single 
set of fuses, see exception 2 of paragraph, c of Section 808. 

’t^High reactance squirrel-cage motors are those designed to limit 
the starting current by means of deep-slot secondaries or double-wound 
secondaries. 

♦♦♦♦For 90 and 80 per cent P.F. the above figures should be multiplied 
by 1.1 and 1.23, re8x>ectively. 
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FiGk 70.—Electrical Symbols. 
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The sizes of fuses and protective devices for these circuits may 
ako be obtained from Table 7. 

Estimating Wiring Costs.—Estimating costs on electrical instal¬ 
lation involves three steps, (1) detemiining the quantity of mate¬ 
rial needed from blue-print plans or from a completed or partially 
completed structure, (2) determining the cost of the material from 
jobbers’ quotations or catalogues, and (3) determining the labor 
cost of the installation. 

The first step, involving “ taking off ” the quantities from a 
blue print will be illustrated here. The second and third steps are 



dependent upon local conditions, competition, and experience and 
it is beyond the scope of this book to do more than indicate how the 
estimate is computed after the unit prices for material and labor 
have been determined. 

Standard conventional symbols have been developed for indi¬ 
cating wiring and types of outlets on building plans. These 
S 3 mibols are listed in Fig. 70. A familiarity with them is necessary 
for an understanding of the wiring on building plans. 

Figure 71 is a diagrammatic sketch of a longitudinal section of a 
small dwelling showing the wiring for a front-door bell, a back 
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cellar door buzzer, and a ceUar door opener. The estimated length 
of wire required is 


3 risers @ 8 feet.=24 feet 

1 riser @ 4 feet.= 4 feet 

2 risers @ 3 feet.= 6 feet 

2 risers @ 6 feet.=12 feet 

1 riser @ 5 feet.= 6 feet 


2 wires length of house-56 feet 

Eighteen-gago paraffined 
150 feet per pound. 

A bill of materials for this 


1 wire.= 7 feet 

, Total.=114 feet 

10% for waste and con¬ 
nections.=11 feet 

Total.= 125 feet 


cotton-covered bell wire runs about 
iiiStaliation is then as foil-wa: 


Quantity 

Description 

Quantity 

Description 

1 

Door bell 

1 

Door Opener 

1 

Buzzer 

3 

Dry Cells 

3 

lib 

Push buttons 

18-gage bell wire 

100 

Insulated staples 


An extended table is then made to include the unit cost of 
materials and labor with the proper extensions as follows: 




Cost 

Labor 

Cost 

Quantity 

Description 

per Unit 

per Unit 

Material 

Labor 

1 

Door bell. 

$0.76 

$1.00 ea. 

$0.75 

$1.00 

1 

Buzzer. 

0.50 

1.00 ea. 

0.60 

1.00 

3 

Push buttons. 

0.30 

0.60 ea. 

0.90 

1.50 

1 lb. 

18-gage bell wire. 

0.34 per lb. 

0.02 ft. 

0.34 

2.50 

1 

Door Opener. 

2.25 

3.00 ea. 

2.26 

3.00 

3 

Dry Cells. 

0.35 

0.20 ea. 

1.06 

0.60 

100 

Insulated Staples. 

Grand Total. 

0.15 per 100 

Totals. 


0.16 

6.94 

9.60 

16 54 
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Estimating the cost of installing electrical wire and fixtures in 
buildings under construction takes on a simpler form when expe¬ 
rience on work of similar nature can be drawn upon for guidance. 
It is then the usual practice to draw up an estimate based on a 
unit price per outlet. In preparing such an estimate it is then not 
necessary to make a detailed estimate of the material required, 
but merely to count the outlets from a plan and multiply the total 
by the unit price. In taking off ’’ the outlets from a plan it is 
best to follow a regular procedure for each floor; for example, 
first noting the ceiling outlets, then bracket lights, then switches 
.and finally baseboard outlets. 


Illustration: If the unit price for an installation is $6.25 
per outlet, then what will be the price for wiring the dwelling shown 
in Fig. 72? 



CELLAR PLAN 




Cellar 

First Floor 

Second Floor 

Ceiling Outlets. 

2 

6 

4 

Bracket Outlets. 


4 

2 

Base Receptacles. 


5 

3 

Drop Cord Outlets. 

2 


1 

Outlets. 

2 

2 

5 

/S* Outlets. 




S* Outlets. 


1 






Floor Totals. 

6 

17 

15 


Grand Total. 



38 
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Then if the unit price is $6.25 per outlet, the price for the 
whole job is 38 X $6.25 = $237.50 (Ans.) 

References.—Swoope*s, Lessons in Practical Electricity, and 
Burns’, Electricity, both published by the D. Van Nostrand Company, 
are books of wide popularity which dftal with the fundaments as w^ell as 
the practical applications of this subject. 
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RADIO 

Radio is a part of the larger field of electrical communication 
and therefore has its foundation in the electrical fundamentals 
given in the preceding chapter on electricity. The term radio ” 
is derived from the fact that electrical energy when released into 
space is radiated in all directions. 

Because a knowledge of Ohm^s Law and other electrical 
relations are necessary to determine the practical things that 
arise in constructing even the simplest amateur station equip¬ 
ment, the following formulas and information are restated. 
However, for a complete description and explanation of the 
principles of direct and alternating current, read the preceding 
chapter. 

Ohm^s Law.—The relations that determine the amount of 
current that flows in a conductor is known as Ohm^s Law. 
Expressed as a formula: 

Using only symbols and transposing: 

/ = ! E = IR, R = f 

Resistance.—^Electrical apparatus—cells, resistances, etc.— 
may be connected (1) in series, (2) in parallel, or (3) in series 
parallel. 
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1. When connected in series, as shown 
in Figs.jl and 2, the total resistance of two 
or more resistors is higher than any of 
the units. 

Expressed as a formula: * 

Rtotal — Ri + + Rs ' 


--}-WWWV^-j-hWAA/'/\Ar-|—l-VWV w -r 

Ke3-IR^ 



SERIES ORCai 

Fig. 1. 



Fig. 2. 


2. When connected in parallel as in Figs. 3 and 4, the total resist¬ 
ance of two or more resistors is decreased. Expressed as a formula: 

1 

”total — 


Rl 

I — v\Awyw/-~-^~(3— I 


I -VWWAAAA-=t|]^ 

R 3 




R 2 Rz 

Filament 


Rheostat} J 

WVW\M 



Battery 

Negative Bus ' 

Ln.iiiiiJ 



Wire 



PARALLEL CIRCUIT 
Fig. 3. 


* Positive Bus Wire 

FILAMENTS CONNECTED IN PARALLEL 

Fig. 4. 


3 . When connected in series parallel as shown in Fig. 5, the 
total resistance is shown by the following formula: 

1 

J2(oUI “ i i 


+ 


I 


+ 


+ f?2 ^ ^3 + Ri Rs + Ra Rj + Rs + Rt 
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-A 

R? 

Rfl 

Rg 

-B 

RESISTANCES CONNECTED IN 
SERIES-PARALLEL 

Fig. 5. 

Nearly all radio circuits are combinations of series and parallel 
circuits. The problems that arise in these complicated circuits 
can be solved by the use of Ohm’s Law. The following sketch 
shows a combined circuit. 



«. r 

—i 

— wvwwwv— 

r 

n/WWVWWW'— 


L 


‘4 3 

> 1 

^2^2 

E 



_l.li_ 1 

J 



COMBINATION CIRCUIT 

Fig. 6. 


E(R;fR3) 

Ri R2'^R^R2^ R 2 R 3 
ERa 

Ri R 2 "^Ri R^^ R2R3 

I,-_ 

Ri R2*^ R( R 3"^ R2 R 3 


I, 


Power. —^The power, or time rate of expenditure of energy in 
an electrical circuit, is equal to the product of the current and the 
electromotive force in the circuit. Electric power is measured in 
watts or in kilowatts. In direct current. 

Power (P) = volts X amperes 
or, P = E XI, P = I^R, P = 

Electromagnetism.—^Moving electrons produce magnetic fields 
although little is known of the forces involved. Experiments have 
shown that, when a current is passing through a wire, magnetic 
lines of force surroimd the wire in concentric circles whose center 
is the wire. When a conductor is wound into a coil of many turns, 
the magnetic field becomes stronger because there are more lines 
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of force. If five amperes flow in one turn of wire the magnetizing 
effect is five ampere-tums; if ope ampere flow in five turns of wire 
the magnetizing effect is also five ampere-tums. The magneto¬ 
motive force (m.m.f.) depends on (1) the number of turns of wire, 
(2) the size of the coil, and (3) the amount of current flowing in 
the coil. 

The number of lines per unit of area is called the field intensity 
or flux density. The total number of lines through any given 
area is called the magnetic flux. To find the flux (0) multiply 
the area {A) by the field strength {H). Expressed as a formula; 

<t>-^ AX H 

The ratio of the number of lines that exist in iron to those that 
would exist in air is called the permeability of the iron. If one 
line flows through one square centimeter of air and one thousand 
lines flow through the same area of iron the permeability of iron 
is 1000. 

Magnetic reluctance is the analogue of electrical resistance. 

The reluctance of the whole or of any part of a magnetic circuit 

varies directly as the length and inversely as the area of the section. 

Expressed as a formula: 

_ , reluctivity X length 

Reluctance = 

area 

In place of reluctivity its reciprocal permeability is used. 

Inductance.—The property of an electrical circuit that tends 
to prevent any change in the current flowing is called its induct¬ 
ance. This should not be confused with resistance which is always 
present. The unit of inductance is the henry which is defined as 
the inductance of a circuit in which the electromotive force is 
induced when the current changes at the rate of one ampere per 
second. Besides the henry which is a large unit, the millihenry 
(one thousandth of a henry) and the microhenry (one millionth 
of a henry) arc frequently used in radio calculations. 

When inductances are connected in series their individual 
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values are added together to find the total resistance. Expressed 
as a formula: 

jL = Li *1- Li H” 'iM 
where L — total inductance 

M — mutual inductance (usually measured on a Wheatstone 
bridge) 

When inductances ore connected in parallel the total inductance 
may be calculated from the following formula: 

^ LiX Li- 
Lx L 2 — 2M 

To find an inductance to match a known capacity the following 
fonnula may be used: 


(2ir)2 X X C X 108 

where (2fl-)2 = 39.47 

/ = frequency 
C = capacity in microfarads 
108 = 100,000,000 

The lumped inductance of coils for transmitting and receiving 
may be calculated from the following formula: 

0.2A^N^ 

~3A+9B + 10C 

where L = inductance in microhenries 

A = mean diameter of coil in inches 
B = length of winding in inches 
C = radial depth of winding in inches 
JV = number of turns of wire 

The quantity, C, may be neglected if the coil is a single-layer 
solenoid. 
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British 

S.W.G. 

No. 

-‘“''■“'•““ssss'sssssssssssisssssssgssssjosllsssa! 


oo^i^o>»H»o»0'^5Dao»oe2oOflOQfHO^S22Sc8eoS^^SiH§SS2So§^woc90» 

hi « lO to eo CO C4 C4 04 e« f-t i-i .H 

Current- 

Carrying 

Capacity 

at 

1500 C.M. 
per , 
Amp.* 

C^«-iOb»0‘OQOOh-0»0^iOh»e4l>«i-*CO«iS5Sc4S^2^SS©^^^SoOoS^ 

»o ^ W c5 ?4 52 ^ ^ ^ ^ 

C 

per 

1000 ft. 
250 C. 

'SSo«©SSpr^oo‘^o>e3»ot^'e«c©o 

^)2pe4co5ScoSoc4So»oSS2i3Seoo5*5^SS*5ll^e4h.rtOOOO^cD^ 

"«”''®*®222SSS5gJSgl3SSgS?58f!S?i 

C4 04 eO’^ to <e GO o 
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3 

4 
6 
7 
9 

12 

15 

20 

25 

31 

40 

50 

63 

80 

101 

127 

161 

203 

256 

323 

407 

514 

648 

817 

1031 

1300 

1639 

2067 

2607 

3287 

4145 

5227 

6591 

8310 

10480 

13210 

16660 

21010 

26500 

33410 

Turns per Square Inch * 

D.C.C. 

. OiO . 
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03 
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D.C.C. 
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or 
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Enamel 
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Circular 

MU 

Area 

82690 

66370 

52640 

41740 

33100 

26250 

20820 

16510 

13090 

10380 

8234 

6530 

5178 

4107 

3257 

2583 

2048 

1624 

1288 

1022 

810.1 

642.4 

509.5 
404.0 

320.4 
254.1 

201.5 
159.8 
126.7 

100.5 
79.79 
63.21 
50.13 
39.75 
31.52 
25.00 
19.83 
15.72 
12.47 

9.88 


H 

04 04C4 54 iH iM 1-^ iH iH 


& M 

|i2 

-"•”'“«-“*SSS2S2SSS2§S53S5S8SS8SSSS8SSSSSSg 


1A mil l8 1/1000 (one thousandth) of an Inch. 

* The figures are approximate only, since the thickness of the Insulation varies with different manufacturers, 
s The current-carrying capacity at 1000 C.M. per ampere Is equal to the circular-mil area (Column 3) divided by 1000. 
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Illustration: Find the inductance of a coil with 35 turns of 
No. 30 D.S.C. wire on a receiving coil form that has a diameter of 
1.5 inches. (From the copper wire table it can be seen that 35 
turns of No. 30 D.S.C. wire will give a length of one-half inch.) 
0.2A^N^ 

3A + 9B 

^ 0.2 X (1.5)^ X (35)^ 

“ (3 X 1.5) + (9 X 0.5) 

5512.5 

= —= 61.25 microhenries. (Ans.) 

Reactance. —The combined ejffect of frequency and inductance 
in coils is termed reactance, or inductive reactance. To find 
inductive reactance the following formula may be used: 
where Xl — 27r/L 

Xl = the inductive reactance in ohms 
TT = 3.1416 

/ = frequency in cycles per second 
L = inductance in henries 

Illustration: A coil has an inductance of 1000 microhenries. 
If the frequency of the current is 500 kilocycles per second find 
the inductive reactance. 

Xl = 27r/L 

- 2 X 3.1416 X (500 X 1000) X 
= 3141.6 ohms (Ans.) 

Capacity. —The coils and condensers are two essential features 
in every radio circuit that cause inductance and capacity. Wave¬ 
length or frequency to which the receiver or transmitter is tuned 
depends upon the relative values of inductance and capacity in 
the tuning circuit. 

The unit of capacity is the farad, which is the capacity of a 
condenser whose voltage is raised one volt when one coulomb of 
electricity is added to it. Because the farad is a very large Unit 
the microfarad, /zfd., (one millionth of a farad), is used in radio 
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work although the micro-microfarad, (one million millionth 
farad), is also frequently used. Some authorities prefer the term 
‘‘ picafarad to express the quantity micro-microfarad. 

The capacity of a condenser varies inversely with the thickness 
of the dielectric and directly with the area of the conducting 
surfaces and the permittivity or dielectric constant. From these 
data it is possible to derive formulas to compute the capacity of 
condensers of various forms. 

To find the capacity of two flat conducting plates separated by 
a non-conductor the following formula may be used: 

^ ^ 8S5X A XK 
^ ““ 100,000,000 X d 


where C = capacity in microfarads 

A = area of the metallic plate in square centimeters 
K = dielectric constant of the non-conductor (see table) 
d = thickness of the dielectric in centimeters 


Illustration: How many plates 16 centimeters by 20 centi¬ 
meters in area and separated by paraffined paper (K = 2) 0.0004 
centimeters in thickness are required for a condenser of 20 micro¬ 
farads? 

^ _ 885 X A X K 
^ 100,000,000 X d 


885 X 16 X 20 X 2 
100,000,000 X 0.004 


0.01416 Aifd. 


Number of plates = 


20 

0.01416 


= 1412 


(Ans.) 


Table of Dielectric Constants 


Dielectric 

K 

Air (normal pressure). 

1.0 

Glass Flint. 

6.6 

Common. 

3.1 

Gutta Percha. 

3.3 

ParaflBn wax (solid). 

2.0 


Dielectric K 


Porcelain. 4.4 

Quartz. 4.5 

Shellac. 3.1 

Wood, dry oak. 2.6 
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Condensers in Series and Parallel.—Capacitances may be 
connected in series or in parallel like resistances or inductances. 
When they are connected in parallel the resultant capacity is the 
sum of the individual capacities. Expressed as a formula: 

^parallel “ Cl+ C2 + Cs 


The sketch, Fig. 7, illustrates the method of connecting con¬ 
densers in parallel. 



IN PARALLEL 

Fig. 7. Fig. 9. 


When condensers are connected in series the capacity may be 
found by the following formula: 

C -_J_ 

'-^aeries ^ 

If but two condensers are considered the formula becomes 


_ Cl X C2 
Cl + C2 
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Illustration: Find the resultant capacity when condensers of 
0.002 microfarad and 0.0015 microfarad capacity are connected in 
parallel. 

C = 0.002 + 0.0015 = 0.0035 /xfd. (Ans.) 


Illustration: If the condensers in the preceding problem are 
connected in series find the total capacity. 


0.002 X 0.0015 _ 0.000003 
0.002 + 0.0015 ““ 0.0035 


0.00086 fitd. (Ans.) 


Illustration: A radio circuit requires a 0.00035 microfarad 
condenser but only a 0.0005 microfarad variable condenser is 
available. What fixed condenser may be used to reduce the maxi¬ 
mum capacity in the circuit to the required value? How shall 
the condenser be connected? 

Because the total capacity is to be reduced the fixed condenser 
must be connected in series with the variable condenser. Then, 





Removing the reciprocal from the right side and placing it at the 
left side; 

1 . 1+1 1 = 1-1 

C Cl c-z Cz C Cl 

1 1 1 1-0.7 0.3 

Cz ~ 0.00035 0.0005 “ 0.00035 ~ 0.00035 

C = = 0.001166 or 1166 (Ans.) 

Capacitive Reactance. —Condensers have a reactance that is 
inversely proportional to the condenser size and to the frequency 
of the applied voltage. 


1 
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where Xc — capacitive reactance in ohms 
T = 3.1416 

/ = frequency in cycles per second 
C = condenser capacitance in farads 

However, the capacitance, in most practical cases, is given in 
microfarads (/tfd.). Then the formula becomes: 


1 , 000,000 

2vfCi^ta. 


Illustration: A 3-plate fixed air condenser with a capacity 
of 0.0001 microfarad is used in an antenna circuit that is operated 
on a frequency of 3750 kilocycles. Find the capacitive reactance. 

1 , 000,000 

_ 1,000,000 _ 

2 X 3.1416 X (3,750 X 1,000) X 0.0001 

100 , 

■ 

Impedance.—The parts of a radio circuit, such as coils and 
condensers, are never pure reactances. Some resistance, however 
small, is always present. The reactance and resistance combined 
together are called impedance, which is influenced almost entirely 
by the frequency of the alternating voltages impressed upon the 
circuit. 

To find impedance the following formula may be used: 

Z = VX2 -h E2 

where Z » impedance in ohms 
X =e total reactance 
R s resistance 


Xc = 

X. = 
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lUiTTSTBATioN: What is the impedance in a circuit of 4 ohms 
resistance and 3 ohms reactance? 

Z = 4- 

= 

= Vq + 16 = = 5 ohms (Ans.) 

Ohm’s Law for Alternating Currents. —If inductanceg did not 
have any resistance it could be assumed that the current would be 
equal to the voltage divided by the reactance. However, this is 
not the case and Ohm's Law for alternating current becomes: 

^ ^ = p E ^ IZ 

Illustration: A 60 cycle alternating current of 5 amperes 
flows through a coil whose inductance is 4000 microhenries and 
whose resistance is 2 ohms. Find the voltage across the coil. 

/ = |, z = 

X = 2ir/L 

= 6.28 X 60 X 0.004 = 1.507 ohms 

Z = V4^ + 1.5072 = V 18.25 = 4.27 ohms 

E = IZ = 5 X 4.27 = 21.35 volts (Ans.) 

Resonance. —A condition of resonance is obtained when a 
capacity reactance and an inductive reactance of equal magnitude 
are connected either in series or parallel. The most important 
circuits in radio are those in which either series or parallel reson¬ 
ance occurs. 

The resonant frequency may be determined by the following 
formula which is frequently called the fundamental equation in 
radio: 


27r VlC 
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where / = frequency in cycles per second 
2 t = 6.2832 

L = inductance in henries 
C = capacitance in farads 

Because it is more convenient to use smaller units such as micro¬ 
henries and microfarads, the formula becomes: 

1 , 000,000 

” 2tVlC 

where L — microhem-ies and C = microfarads. 


Illustration: To what frequency will a circuit tune that has 
an inductance of 9 microhenries and a capacity of 0.0002 micro¬ 
farad? 

1 , 000,000 
~ 2t VlC 
/_ 1 , 000,000 
” 6.28 Vo.0002 X 9 

= = 3,755,000 cycles (Ans.) 

kilocycles = = 3,755 (Ans.) 

1000 


= 3,755,000 cycles (Ans.) 


= 3,755 (Ans.) 


Wavelength.—The wavemeter which depends on the principles 
of resonance is the fundamental instrument in radio measurements. 
The wavelength is equal to the speed at which electric waves 
travel (186,000 miles a second, approx.) divided by the frequency 
in cycles. Expressed as a formula: 

-7 

(pronounced lambda) = wavelength in meters 
frequency in cycles 

the velocity of propagation of electro-magnetic waves— 
approx. 300,000,000 meters per second 


where X = 
/“ 
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Illustration: What frequency in cycles and in kilocycles 
corresponds to a wavelength of 200 meters? 




300,000,000 


= 1,500,000 cycles (Ans.) 


, 1,500,000 , 

kilocycles = —— = 1500 (Ans.) 

Illustration: What wavelength corresponds to 1500 kilo¬ 
cycles? 

V 

^-7 

300,000,000 , 

■ 1,500,000 

The resonance of a tuned circuit is expressed in terms of wave¬ 
length as follows: 

X = 1885 Vie 


where X = wavelength in meters 

L = inductance in microhenries 
C = capacitance in microfarads 

Illustration: A radio circuit has an inductance of 900 micro¬ 
henries and a capacity of 0.001 microfarad. Find the wavelength 
for which this circuit will be resonant. 

X = 1885 VlC 
= 1885 VOOO X 0.001 
= 1885 X 0.95 = 1791 meters. (Ans.) 
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TABLE 3. 

Miscellaneous Group. 


Type 

ClMl 

Base 

Bulb 

Cathode 

Type 




OOA 

Tiioda 

4-1 

8-14 

Filament 

5.0 

0.25 

DC 

OlA 

Triode 

4-1 

ST.14 

Filament 

5.0 

0.26 

DO 

10 

Triode 

4-1 

8-17 

Filament 

7.5 

1.25 

AC or DC 

la-A 

Triodo 

4-1 

8T.14 

Filament 

5.0 

0.25 

DC ^ 

12A6 

Pentode 

7-6 

8T-12 

Heiiter 

/12.6 

1 6.3 

0.80 

0.60 

AC or DC 
AC or DC 

12A7 

Diode Pent. 

7-8 

8T-12C 

Heater 

12.6 

0.30 

AC or DC 

18 

Pentode 

6-2 

8T-14 


14.0 

0.30 

AC or DC 

20 

Triode 

4-1 

T-8 

Filament 

3.3 

0.132 

DC 

22 

Tetrode 

4-2 

ST.14C 

Filament 

3.3 

0.132 

DC 

28 

Triode 

4-1 

8T-14 

Filament 

1.5 

1.05 

AC 

43 

Pentode 

6-2 

8T-14 

Heater 

25.0 

0.30 

AC or DC 

46A1 

Monode 

5-7 

8T-12 

IPIlament 

46.1 

0.40 

AC or DC 

46B1 

Monode 

5-7 

8T.12 


46.1 

0.30 

AC or DC 

48 

Tetrode 

6-3 

8T.16 

Heater 

30.0 

0.40 

AC or DC 

50 

l^ode 

4-1 

8 r 21 

Filament 

7.5 

1.25 

AC or DO 

71-A 

Triode 

4-1 

8T-14 

Filament 

5.0 

0.25 

AC or DC 

V-99 

Triode 

4-4 

T .8 

Filament 

3.3 

0.063 

DC 

X-99 

Triode 

4-1 

T-8 

Filament 

3.3 

0.063 

DC 

182-B 

Triode 

4-1 

ST-14 

Filament 

5.0 

1.25 

AC 

183 

Triode 

4-1 

8T-14 

Filament 

1 5.0 

1.25 

AC 

485 

Triode 

5-1 

8T-14 

Heater 

3.0 

1.25 

AC 

864 

Triode 

4-1 

T-8 

Filament 


0.25 

DC 
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TABLE 4.—6.3 Volt Gboup. A.C. ob D.C. Opebation. 


Type 

CUm 

Base 

Bulb 

(See 

illustra¬ 

tion) 

Cathode 

Type 

Ratimo 

FUa- 

ment* 

Amps. 

Plate 

(Max.) 

Volte 

Screen 

(Max.) 

Volts 

6A4 

Pentode 

5-3 

ST-14 

Filament 

0.30 

180 

180 

6A6 

Duo-Triode 

7-4 

ST-14 

Heater 

0.80 

300 


6A7 

Heptode 

mSM 

ST-12C 

Heater 

0.30 

276 

100 

6A7S 



ST-12C 

Heater 

U.30 

275 

100 

6B7 

Duo>Diode Pent 

7-3 

ST-12C 

Heater 

0.30 

276 

125 

6B7S 

Duo-Diode Pent. 

7-3 

ST-12C 

Heater 

0.30 

276 

125 

6C6 

Pentode 

6-1 

ST-12C 

Heater 

0.30 

276 

100 

6C7 

Duo-Diode Tri. 

mSM 

ST-12C 

Heater 

0.30 

275 


6D6 

Pentode 

6-1 

ST-12C 

Heater 

0.30 

276 

100 

6D7 

Pentode 

■rg:» 

ST-12C 

Heater 

0.30 

275 

100 

6E7 

Pentode 

7-8 

ST-12C 

Heater 

0.30 

275 

100 

6F7 

Pentode-Triode 


ST-12C 

Heater 

0.30 

276 

100 

6F7S 

Pentode-Triode 


ST-12C 

Heater 

0.30 

275 

100 

36 

Tetrode 

6-2 

ST-12C 

Heater 

0.30 

275 

90 

37 

Triode 


ST.12 

Heater 

0.30 

275 


38 

Pentode 

5-6 

ST-12C 

Heater 

0.30 

250 

260 

39/44 

Pentode 

6-6 

ST-12C 

Heater 

0.30 

276 

90 

41 

Pentode • 


ST-12 

Heater 

0.40 

250 

250 

42 

Pentode 


ST-U 

Heater 

0.66 

315 

316 

66AS 

Triode 

6-1 

ST-12 

Heater 

0.40 

275 


57AS 

Pentode 

6-1 

ST-12C 


0.40 

276 


68A3 

Pentode 

6-1 

ST-12C 

Heater 

0.40 

275 

100 

76 

Duo-Diode Tri. 


ST-12C 

Heater 

0.30 

276 

set 

768 1 

Duo-Diode Tri. 


ST-12C 

Heater 

0.30 

276 

. • • 

76 

Triode - 

6-1 

ST-12 

Heater 

0.30 

275 

T * - 

77 

Pentode 

KWh 

ST-12C 

Heater 

0.30 

276 

100 

78 



ST-12C 

Heater 

0.30 

276 

125 

79 

Duo*Triode 


ST-12C 

Heater 

0.60 

250 

* - - 

86 

Duo-Diode Tri. 


ST-12C 

Heater 

0.30 

275 

... 

86A8 

Duo-Diode Tri. 


ST-12C 

Heater 

0.30 

275 

... 

89 

Pentode 

6-1 

ST-12C 

Heater 

0.40 

250 

250 


TABLE 6.— ^2.5 Volt Gboup A.C. ob D.C. Opebation. 


SAS 

Triode 

4-1 

ST-16 

Filament 

2.5 

275 


aA5 

Pentode 

6-2 

ST-14 

Heater 

1.76 

315 

3i5 

2A6 

Duo-Diode Tri. 

6-4 

8T-12C 

Heater 

0.80 

276 

... 

2A7 

Heptode 

7-2 

ST-12C 

Heater 

0.80 

275 

100 

2A78 

Heptode 

7-2 

ST-12C 

Heater 

0.80 

275 

100 

2B7 

Duo-Dfode Pent. 

7-3 

ST-12C 

Heater 

0.80 

275 

125 

2B7S 

Duo-Diode Pent. 

7-3 

ST-12C 

Heater 

0.80 

275 

125 

28/48 

Duo-Diode 

5^ 

ST-12 

Heater 

1.36 


.. • 

24-A 

Tetrode 

5-2 

8T-14C 

Heater 

1.75 

276 

90 

248 

Tetrode 

5-2 

ST-14C 

Heater 

1.75 

275 

90 

27 

Triode 

5-1 

ST-12 

Heater 

1.75 

275 

• •. 

278 

Triode 

5-1 

EmOl 

Heater 

1.75 

276 

... 

36/61 

Tetrode 

5-2 


Heater 

1.75 

275 

90 

358/518 

Tetrode 

5-2 


Heater 

1.75 

276 

90 

46 

Triode 

4-1 

ST-14 

Filament 

1.50 

275 

... 

46 

Tetrode 

5-4 

ST-16 


1.75 

400 

• • • 

47 

Pentode 

5-3 


Filament 

1.50 

275 

275 

53 

Duo-Triode 

7-4 


Heater 

2.00 

300 

... 

55 

Duo-Diode Tri. 

6-4 

8T-12C 

Heater 

1.00 

275 

... 

558 

Duo-Diode Tri. 

6-4 

8T-12C 

Heater 

1.00 

275 

• . . 

56 

Triode 

5-1 

ST-12 

Heater 

1.00 

275 

... 

558 

Triode 

5-1 

ST-12 

Heater 

1.00 

275 


57 

Pentode 

6-1 

8T-13C 

Heater 

1.00 



578 

Pentode 

6-1 

8T-iac 

Heater 

1.00 

275 


58 

Pentode 

6-1 

8T-12C 

Heater 

1.00 

275 

100 

588 

PeniiKle 

6-1 

ST-12C 

Heater 

1.00 

275 


59 

Pentode 

7-1 

8T-16 

Hoater 

2.00 

275 

1 275 
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TABLE 6. 

2 Volt Group. 


For Battery Operation. 


Type 

Class* 

Base 

Bulb 

(See 

illustra¬ 

tion) 

Cathode 

Type 

Rating 

Fila¬ 

ment 

Amps. 

Plate 

(Max.) 

Volts 

Screen 

(Max.) 

Volts 

1A6 

Heptode 

5-8 

8T-12C 

Filament 

0.06 

180 

67.5 

ICd 

Heptode 

6-8 

ST.12C 

FUament 

0.12 

180 

67.5 

15 

Pentode 

5-6 

ST-12C 


0.22 

135 

67.5 

19 

Duo-Triode 

6-6 

8T-12 

Filament 

0.26 

135 

- - - -1 

25/26S 

Duo-Diode Tri. 

6-11 

8T-12 

Filament 

0.06 

135 

*. - - 

30 

Triode 

4-1 

8T-12 

Filament 

0.06 

180. 

• • s • 

31 

Triode 

4-1 

BT-12 

Filament 

0.13 

180 

• • « • 

32 

Tetrode 

4-2 

8T-14C 

Filament 

0.06 

180 

67.5 

33 

Pentode 

5-3 

8T-14 

Filament 

0.26 

180 

180 

34 

Pentode 

4-3 

8T-I4C 

Filament 

0.06 

180 

67.5 

49 

Tetrode 

5-4 

8T-14 

Filament 

0.12 

180 

.... 


TABLE 7 


Rectifier Group. 


1-V 

Diode 

4-7 

ST-12 

Heater 

6.3 

0.30 

AC or DC 

2Z2/G84 

Diode 

4-6 

ST-12 

Filament 

2.5 

1.50 

AC or DC 

5Z3 

.Duo-Diode 

4-5 

ST-16 

Filament 

5.0 

3.00 

AC 

6Y5 

Duo-Diode 

6-9 

ST-12 

Heater 

6.3 

0.80 

AC or DC 

6Z5 

Duo-Diode 

6-10 

ST.12 

Heater 

/ 6.3 
U2.6 

0.80 

0.40 

AC or DC 

12Z3 

Diode 

4-7 

ST-12 

Heater 

12.6 

0.30 

AC or DC 

26Y5 

Duo-Diode 

6-7 

ST-12 

Heater 

25.0 

0.30 

AC or DC 

25Z5 

Duo-Diode 

6-7 

ST-12 

Heater 

25.0 

0.30 

AC or DC 

80 

Duo-Diode 

4-5 

ST-14 

Filament 

5 0 

2.00 

AC 

81 

Diode 

4-6 

8-19 

Filament 

7.5 

1.25 

AC 

82 

Duo-Diode 

4-5 

ST-14 

Filament 

2.5 

3.00 

AC 

83 

Duo-Diode 

4-5 

ST-16 

Filament 

1 5.0 

3.00 

AC 

83V 

Duo-Diode 

4-8 

ST-16 

Heater 

5.0 

1.75 

AC 

84 

Duo-Diode 

5-5 

ST-12 

Filament 

6.3 

0.50 

AC or DC 
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TABLE 9. 


Kilocyclbs (kc) TO Meters (m), or Meters to Kilocycles 

Columns Are Interchangeable 



814 






























































9.—Kilocycle-Meter Ck>NVEB8iON Table— Continued 


kcorm 

morkc 

kcorm 

morkc 


morkc 

kcorm 

morkc 

kcorm 

morkc 

HR 

morkc 

3,310 

90.6 

3.860 


4,410 

68.03 

4,960 

60.48 

5,510 

54A5 

6,060 

BIRI 

3,320 

90.4 

3,870 


4,420 

67.87 

4,970 

60.36 

5,520 

54.35 

6,070 

49.42 

3,330 

90.1 

mmi 

BH 

4,430 

67.72 

4,980 

60.24 

5.530 

54.25 

6,080 

49.34 

3,340 

89.8 

3,890 

77.1 

4,440 

67.57 

4,990 

60.12 


54.15 

6,090 

40.26 

3,350 

89.6 

3,900 

76.9 

4,450 

67.42 

6.000 

60.00 

5,550 

54.05 

6,100 

49.18 

3,360 

89.3 

3,910 

76.7 


67.26 


59.88 

6,560 

53.06 

6,110 

40.10 

3,370 

89.0 

3,920 

76.5 


67.11 


59.76 

5,570 

53.86 

6,120 


3,380 

88.8 

3,930 

mmi 

4,480 

66.96 


59.64 

5,580 

53.76 

6,130 

48.94 

3,390 

88.5 

3,940 

76.1 

4,490 

66.82 

5,040 

59.52 

5,590 

53.67 

6.140 

48.86 

3,400 

88.2 

3,950 

75.9 

4,500 

66.67 

5,050 

59.41 

5,600 

63.67 

6.150 

48.78 

3,410 

88.0 

3,960 

75.8 

4,510 

66.52 

5,060 

59.29 

5,610 

53.48 

6.160 

kIRI 

3,420 

87.7 

3,970 

75.6 

4.520 

66.37 

5,070 

59.17 

5,620 

53.38 

6,170 

48.62 

3,430 

87.5 

3,980 

75.4 

4,530 

66.23 

5,080 

59.06 

5,630 

53.29 

6,180 

48.54 

3,440 

87.2 

3.990 

75.2 

4,540 

66.08 

5,090 

58.94 

5,640 

.53.19 

6,190 

48.47 

3,450 

87.0 

4,000 

75.00 

4,550 

65.93 

5,100 

58.82 

5,650 

53.10 

6.200 

48.39 

3,460 

1 

4,010 

74.81 

4,560 

85.79 

5,110 

58.71 

5,660 

53.00 

6,210 

48.31 

3.470 


4,020 

74.63 

4.570 

65.65 

5,120 

58.59 

5,670 

52.91 

6.220 

48.23 

3,480 


4,030 

74.44 

4,580 

65.50 

5,130 

58.48 

6,680 

52.82 

6.2S0 

48.15 

3,490 


4,040 

74.26 

4,590 

65.36 

5,140 

58.37 

6,690 

62.72 

6,240 

48.0S 

3,500 

85.7 

4,050 

74.07 

4,600 

65.22 

5,150 

58.25 

5.700 

52.63 

0,250 


3,510 

85.5 

vpiji 

73.89 

4,010 

65.08 

5,160 

58.14 

5.710 

52.54 

6,260 

47.92 

3,520 

85.2 

HliiWiI 

73.71 

4,620 

64.94 

5,170 

58.03 

6,720 

52.45 

6.270 

47.85 

3,530 

85.0 


73.53 

4,630 

64.79 

5,180 

67.92 

5,730 

52.36 

6,280 

47.77 

3,540 

84.7 

4,090 

73.35 

4,610 

64.66 

5,190 

67.80 

5,740 

52.26 

6,290 

47.60 

3,550 

84.5 

4,100 

73.17 

4,650 

64.52 

5,200 

57.69 

5,750 

62.17 

6,300 

47.62 

3,560 

84.3 

4,110 

72.99 

4,660 

64.38 

5,210 

57.58 

5.760 

52.08 

6,310 

47.54 

3,570 

84.0 

4,120 

72.82 

4.670 

64.24 

5,220 

57.47 

6,770 

51.99 

6.320 

rWvM 

3,580 

83.8 

4,130 

72.64 

4.680 

64.10 

5,230 

57.36 

5,780 

51.90 

6,330 


3,590 

83.6 

4,140 

72.46 

4,690 

63.97 

5,210 

57.25 

5,790 

51.81 

6.340 


3,000 

83.3 

4,150 

72.29 

4,700 

63.83 

5,250 

67.14 

5,800 

51.72 

6,350 

KfiS 

3.610 

83.1 

4,160 

72.12 

4,710 

63.69 

5,260 

57.03 

5,810 

51.64 

6,360 

47.17 

3,620 

82.9 

4,170 

71.94 

4,720 

63.56 

5,270 

56.93 

5,820 

51.55 

6,370 

47.10 

11 

82.6 

4,180 

71.77 

4,730 

63.42 

5,280 

56.82 

5,830 

51.46 

6,380 

47.02 


82.4 

4,190 

71.60 

4,740 

63.29 

5,290 

56.71 

5,840 

51.37 

6,390 

46.95 

KIq j 

82.2 

4,200 

71.43 

4,750 

63.10 

5,300 

56.60 

5,850 

61.28 

6,400 

46.88 

3,660 

82.0 

4,210 

71.26 

4,760 

63.03 

5,310 

56.50 

5,860 

51.19 

6,410 

46.80 

3,670 

81.7 

4,220 

71.09 

4,770 

62.89 

5,320 

56.39 

6,870 

51.11 

6,420 

46.73 

3,680 

81.5 

4,230 

70.92 

4,780 

62.76 

5,330 

66.29 

5,880 

51.02 

6,430 

46.66 

3,690 

81.3 

4,210 

70.75 

4,790 

62.63 

5,340 

56.18 

5,890 

50.93 

6,410 

46.58 

3,700 

81.1 

4,250 

70.59 

4,800 

62.50 

5,350 

56.07 

5,900 

50.85 

6,450 

46.51 

3,710 

80.9 

4,260 

70.42 

4,810 

62.37 

5,360 

55.97 

6,910 

50.76 

6,460 

46.44 

3,720 

80.6 

4,270 

70.26 

4,820 

62.24 

5,370 

65.87 

5,920 

50.68 

6,470 

46.37 

3,730 

80.4 

4,280 


4,830 

62.11 

5,380 

65.76 

6,930 

50.59 

6,480 

46.30 

3,740 

80.2 

4,290 


4,840 

61.98 

5,390 

55.66 

5,940 

50.51 

6,490 

46.22 

3.750 

80.0 

4,300 

69.77 

4,850 

61.86 

5,400 

55.56 

5,950 

50.42 

6,500 

46.15 

3,760 

79.8 

4,310 

69.61 

4,860 

61.73 

5,410 

65.45 

6,960 

50.34 

6,510 

46.08 

3,770 

79.6 

4.320 

69.44 

4,870 

61.60 

5,420 

55.35 

6,970 

60.25 

6.520 

46.01 

3,780 

70.4 

4.330 

69.28 

4,880 

61.48 

5,430 

65.25 

6,980 

50.17 

6,530 

45.94 

3,790 

79.2 


69.12 

4,890 

61.35 

5.440 

55.15 

5,990 

50.08 

6,540 

45.87 

3.800 

78.9 

4,350 

68.97 

4,900 

61.22 

5,450 

55.05 

KSLjjl 

50.00 

6,550 

45.80 

3,810 

78.7 

4,360 

68.81 

4,910 

61.10 

5,460 

54.95 

6,010 

49.92 

6,560 

45.73 

3,820 

78.5 

4,370 

68.65 

4,920 

60.98 

5,470 

54.84 

6,020 

49.83 

6,570 

45.66 

3,830 

78.3 

4,380 

68.49 

4,930 

60.85 

5,480 

54.74 

6,030 

49.75 

6,580 


3.840 

78.1 

4,390 

68.34 

4,940 

60.73 

5,490 

64.64 


49.67 

6,590 


3.850 

77.9 

4,400 

68.18 

4,950 

60.61 

5,500 

54.55 


49.59 

6,600 
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9. Kiloctclb-Mbteb Conversion Table.— Continued 


keorm 

morkc 

keorm 

morkc 

keorm 

morkc 

keorm 

morkc 

■ 

morkc 


morkc 

6,610 

45.39 

WfjM 

41.90 

7,710 

38.91 

8,260 

36.32 

8,810 

34.05 

9,360 


6.620 

45.32 


41.84 

7,720 

38.86 

8,270 

36.28 

8,820 

34.01 

9,370 


6,630 

45.25 


41.78 

7,730 

38.81 

8,280 

36.23 

8,830 

33.98 

9,380 


6,640 

45.18 


41.72 

7,740 

38.76 

8,290 

36.19 

8,840 

33.94 

9,390 

K 

6^650 

45.11 


41.67 

7,750 

38.71 

8,300 

36.14 

8,850 

33.90 

9,400 

i J 

6^660 

45.05 

7,210 

41.61 

7,760 

38.66 

8,310 

36.10 

8,860 

33.86 

9,410 

31.88 

6,670 

44.98 

7,220 

41.55 

7,770 

38.61 

8,320 

36.06 

8,870 

33.82 

9,420 

31.85 

6,680 

44.91 

7,230 

41.49 

7,780 

38.56 

8,330 

36.01 

8,880 

33.78 

9,430 

31.81 

6,690 

44.84 

7,240 

41.44 

7,790 

38.51 

8,340 

35.97 

8,890 

33.75 

9,440 

31.78 

6,700 

44.78 

7,250 

41.38 

7,800 

38.46 

8,350 

35.93 

8,900 

33.71 

9,450 

31.75 

6,710 

44.71 

7,260 

41.32 

7,810 

38.41 

8,360 

35.89 

8,910 

33.67 

9,460 

31.71 

6,720 

44.64 

7,270 

41.27 

7.820 

38.36 

8,370 

35.84 

8,920 

33.63 

9,470 

31.68 

6,730 

44.58 

7,280 

41.21 

7,830 

38.31 

8,380 

35.80 

8,930 

33.59 

9.480 

31.65 

6,740 

44.51 

7,290 

41.15 

7,840 

38.27 

8,390 

35.76 

8,940 

33.56 

9,490 

31.61 

6,750 

44.44 

7,300 

41.10 

7,850 

38.22 

8,400 

35.71 

8,950 

33.52 

9,500 

31.58 

6,760 

44.38 

7,310 

41.04 

7,860 

38.17 

8,410 

35.67 

8,960 

33.48 

9,510 

31.55 

6,770 

44.31 

7,320 

40.98 

7,870 

38.12 

8,420 

35.63 

8,970 

33.44 

9,520 

31.51 

6,780 

44.25 

7,330 

40.93 

7,880 

38.07 

8,430 

35.59 

8,980 

33.41 

9,530 

31.48 

6.790 

44.18 

7,340 

40.87 

7,890 

38.02 

8,440 

35.55 

8,990 

33.37 

9,540 

31.45 

6.800 

44.12 

7,350 

40.82 

7,900 

37.97 

8,450 

35.50 

9,000 

33.33 

9,550 

31.41 

6.810 

44.05 

7,360 

40.76 

7,910 

37.93 

8,460 

35.46 

9,010 

33.30 

9,560 

31.38 

6,820 

43.99 

7,370 

40.71 

7,920 

37.88 

8,470 

35.42 

9,020 

33.26 

9,570 

31.35 

6,830 

43.92 

7,380 

40.65 

7,930 

37.83 

8,480 

35.38 

9,030 

33.22 

9,580 

31.32 

6,840 

43.86 

7,390 

40.60 

7,940 

37.78 

8,490 

35.34 

9,040 

33.19 

9.590 

31.28 

6,850 

43.80 

7,400 

40.54 

7,950 

37.74 

8,500 

35.29 

9,050 

33.15 

9,600 

31.25 

6,860 

43.73 

7,410 

40.49 

7,960 

37.69 

8,510 

35.25 

9,060 

33.11 

9,610 


6,870 

43.67 

7,420 

40.43 

7,970 

37.64 

8,520 

35.21 

9,070 

33.08 

9,620 


6,880 

43.60 

7,430 

40.38 

7,980 

37.59 

8,530 

35.17 

9,080 

33.04 

9,630 

Kij 

6,890 

43.54 

7,440 

40.32 

7,990 

37.55 

8,540 

35.13 

9,090 

33.00 

9.640 

Kli 

6,900 

43.48 

7,450 

40.27 

8,000 

37.50 

8,550 

35.09 

9,100 

32.97 

9,650 

31.09 

6,910 

43.42 

7,460 

40.21 

8,010 

37.45 

8,560 

35.05 

9,110 

32.93 

9,660 

31.06 

6,920 

43.35 

7,470 

40.16 

8,020 

37.41 

8,570 

35.01 

9,120 

32.89 

9,670 

31.02 

6,930 

43.29 

7,480 

40.11 

8,030 

37.36 

8,580 

34.97 

9,130 

32.86 

9,680 

30.99 

6,940 

43.23 

7,490 

40.05 

8,040 

37.31 

8,590 

34.92 

9,140 

32.82 

9,690 

30.96 

6,950 

43.17 

7,500 

40.00 

8,050 

37.27 

8,600 

34.88 

9,150 

32.79 

9,700 

30.93 

6,960 

43.10 

7,510 

39.95 

8,060 

37.22 

8,610 

34.84 

9,160 

32.75 

9,710 

30.90 

6,970 

43.04 

7,520 

39.89 

8.070 

37.17 

8,620 

34.80 

9,170 

32.72 

9,720 

30.86 

6,980 

42.98 

7,530 

39.84 

8,080 

37.13 

8,630 

34.76 

9,180 

32.68 

9,730 

30.83 

6,990 

42.92 

7,540 

39.79 

8,000 

37.08 

8,640 

34.72 

9,190 

32.64 

9,740 

30.80 

7,000 

42.86 

7,550 

39.74 

8,100 

37.04 

8,650 

34.68 

9,200 

32.61 

9,750 

30.77 

7,010 

42.80 

7,560 

39.68 

8,110 

36.99 

8,660 

34.64 

9,210 

32.57 

9,760 

30.74 

7,020 

42.74 

7,570 

39.63 

8.120 

36.95 

8,670 

34.60 

9,220 

32.54 

9,770 

30.71 

7,030 

42.67 

7,580 

39.58 

8,130 

36.90 

8,680 

34.56 

9,230 

32.50 

9,780 

30.67 

7,040 

42.61 

7,590 

39.53 

8,140 

36.86 

8,600 

34.52 

9,240 

32.47 

9,790 

30.64 

7,050 

42.55 

7,600 

39.47 

8,150 

36.81 

8,700 

34.48 

9,250 

32.43 

9,800 

30.61 

7,060 

42.49 

7,610 

39.42 

8,160 

36.76 

8,710 

34.44 

9,260 

32.40 

9,810 

30.58 

7,070 

42.43 

7,620 

39.37 

8,170 

36.72 

8,720 

34.40 

9,270 

32.36 

9,820 

30.55 

7,080 

42.37 

7,630 

39.32 

8,180 

36.67 

8,780 

34.36 

9,280 

32.33 

9,830 

30.52 

7,090 

42.31 

7,640 

39.27 

8,190 

36.63 

8,740 

34.32 

9,290 

32.29 

9,840 

30.49 

7,100 

42.25 

7,650 

39.22 

8,200 

36.59 

8,750 

34.29 

9,300 

32.26 

9,850 

30.46 

7,110 

42.19 

7,660 

39.16 

8,210 

36.54 

8,760 

34.25 

9,310 

32.22 

9,860 

30.43 

7,120 

42.13 


39.11 

8,220 

36.50 

8,770 

34.21 

9,320 

32.19 

9,870 i 


7,130 

42.08 


mmm 

8,230 

36.45 

8,780 

34.17 

9,330 

32.15 

9,880 

30.36 

7,140 

42.02 


39.01 

8,240 

86.41 

8,790 

34.13 

9,340 

33.12 

9,890 

30.33 

7,150 

41.96 

7,700 

38.96 

8,250 

36.36 

8,800 

34.09 

9,350 

32.09 

9,900 

30.30 
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9. KiiiOctciiEs-Mbtiib Conversion TabiiB .—CotUinued 


kcorm 

morkc 

kcorm 

morkc 

kcorm 

morkc 

kcorm 

morkc 

kcorm 

morkc 

kcorm 

mmkc 

9,010 

30.27 

10,460 

28.68 

11,010 

27.25 

11,560 

25.95 

12.110 

24.77 

12,660 

23.70 

9,920 

30.24 

10,470 

28.65 

11,020 

27.22 

11,570 

25.93 


24.75 

12,670 

23.68 

9,930 

30.21 

10,480 

28.63 

11,030 

27.20 

11,580 

25.91 


24.73 

12,680 

23.66 

9,940 

30.18 

10,490 

28.60 

11,040 

27.17 

11,590 

25.88 


24.71 

12,690 

23.64 

9,950 

30.15 

10,500 

28.57 

11,050 

27.15 

11,600 

25.86 

12,150 

24.69 

12,700 

23.62 

9,960 

30.12 

10,510 

28.54 

11,060 

27.12 

11,610 

25.84 

12,160 

24.67 

12,710 

23.60 

9,970 

30.09 

10,520 

28.52 

11,070 

27.10 

11,620 

25.82 

12,170 

24.65 

12,720 

23 

9,980 

30.06 

■ iViSdi 

28.49 

11,080 

27.08 

11,630 

25.80 

12,180 

24.63 

12,730 

28.57 

9,990 

30.G3 

m iIhiM 

28.46 

11,C90 

27.05 

11,640 

25.77 

12,190 

24.61 

12,740 

23.65 


80.00 


28.44 

11,100 

27.03 

11,650 

25.75 

12,200 

24.59 

12,750 

23.53 


29.97 

10,560 

28.41 

11,110 

27.00 

11,660 

25.73 

12,210 

24.57 

12,760 

23.51 


29.94 

10,570 

28.38 

11,120 

26.98 

11,670 

25.71 

12,220 

24.55 

12,770 

23.49 

10,030 

29.91 

10,580 

28.36 

11,130 

26.95 

11,680 

25.68 

12,230 

24.53 

12,780 

23.47 


29.88 

10,590 

28.33 

11,140 

26.93 

11,690 

25.66 

12,240 

24.51 

12,790 

23.46 


29.85 

10,600 

28.30 

11,150 

26.91 

11,700 

25.64 

12,250 

24.49 

12,800 

23.44 

10,060 

29.82 

10,610 

28.28 

11,160 

26.88 

11,710 

25.62 

12,260 

24.47 

< 2.810 

23.42 

10,070 

29.79 

10,620 

28.25 

11,170 

26.86 

11,720 

25.60 

12,270 

24.45 

12,820 

23.40 

10,080 

29.76 

10,630 

28.22 

11,180 

26.83 

11,730 

25.58 

12,280 

24.43 

12.830 

23.38 

10,090 

29.73 

10,640 

28.20 

11,190 

26.81 

11,740 

25.55 

12,290 

24.41 

12,840 

23.36 

10,100 

29.70 

10,650 

28.17 

11,200 

26.79 

11,750 

25.53 

12,300 

24.39 

12,850 

23.35 

10,110 

29.67 

10,660 

28.14 

11,210 

26.76 

11,760 

25.51 

12,310 

24.37 


23.33 

10,120 

29.64 

10,670 

28.12 

11,220 

26.74 

11,770 

25.49 

12,320 

24.35 

12,870 

23.31 

10,130 

29.62 

10,680 

28.09 

11,230 

26.71 

11,780 

25.47 

12,330 

24.33 

12,880 

23.29 

10,140 

29.59 

10.690 

28.06 

11,240 

26.69 

11,790 

25.45 

12,340 

24.31 

12,890 

23.27 

10,150 

29.56 


28.04 

11,250 

26.67 

11,800 

25.42 

12,350 

24.29 

12,900 

23J26 

10,160 

29.53 

10,710 

28.01 

11,260 

26.64 

11,810 

25.40 

12,360 

24.27 

12,910 

23.24 

10,170 

29,60 

10,720 

27.99 

11,270 

26.62 

11,820 

25.38 

12,370 

24.25 

12,920 

23.22 

10,180 

29.47 

10,730 

27.96 

11,280 

26.60 

11,830 

25.36 

12,380 

24.23 

12,930 

23.20 

10,190 

29.44 

10,740 

27.93 

11,290 

26.57 

11,840 

25.34 

12,390 

24.21 

12,940 

23.18 

10,200 

29.41 

10,750 

27.91 

11,300 

26.55 

11,850 

25.32 

12,400 

24.19 

12,950 

23.17 

10,210 

29.38 

10,760 

27.88 

11,310 

26.53 

11.860 

25.30 

12,410 

24.17 

12,960 

23.15 

10,220 

29.35 

10,770 

27.86 

11,320 

26.50 

fusa 

25.27 

12,420 

24.15 

12,970 

23.13 

10,230 

29.33 

10,780 

27.83 

11,330 

26.48 

11,880 

25.25 

12,430 

24.14 

12,980 

23.11 

10,240 


10,790 

27.80 

11,340 

26.46 

11,890 

25.23 

12,440 

24.12 

12,990 

23.09 

10,250 

29.27 

10,800 

27.78 

11,350 

26.43 

11,900 

25.21 

12,450 

24.10 

13,000 

23.08 

10,260 

29.24 

10,810 

27.75 

11,360 

26.41 

1 

25.19 

12,460 

24.08 

13,010 

23.06 

10,270 


10;820 

27.73 

11,370 

26.39 

t 

25.17 

12,470 

24.06 

13.020 

23.04 


29.18 

10,830 

27.70 

11,380 

26.36 


25.15 

12,480 

24.04 

13,030 

23.02 


29.15 

10,840 

27.68 

11,390 

26.34 

11,940 

25.13 

12.490 

24.02 

13,010 

23.01 

10,300 

29.13 

10,850 

27.65 

11,400 

26.32 

11,950 

25.10 

12,500 

24.00 

13,050 

22.99 

10,310 

ElRil 


27.62 

11,410 

26.29 


25.08 

12,510 

23.98 

13,060 

22.97 

10.320 



27.60 

11,420 

26.27 

1 

25.06 

12,520 

23.96 

13,070 

22.95 



10,880 

27.57 

11,430 

26J25 

WMl 

25.04 

12,530 

23.94 


22.94 

EMil 

m-A 41 

10,890 

27.55 

11,440 

26.22 

11,990 

25.02 

12,540 

23.92 


22.92 

fciiifea 

28.99 

loiooo 

27.52 

11,450 

26.20 

12,000 

25.00 

12,550 

23.90 


22.90 

10,360 

28.96 


27.50 

11,460 

26.18 

12,010 

24.98 

12,560 

23.89 

13,110 

22.88 

10,370 

28.93 


27.47 

11,470 

26.16 

12,020 

24.96 

12,570 

23.87 

13,120 

22.87 

10,380 

28.90 


27.45 

11,480 

26.13 

12,030 

24.94 

12,580 

23.85 

13,130 

22.85 

10.390 

28.87 


27.42 

11,490 

26.11 

12,040 

24.92 

12,590 

23.83 

13,140 

22.83 

10,400 

28.85 

10,950 

27.40 

11,500 

26.09 

12,050 

24.90 

12,600 

23.81 

13,150 

22.81 

10,410 

28.82 

10,960 

27.37 

11,510 

26.06 

w 

24.88 

12,610 

23.79 

13,160 

22.80 

10,420 

28.79 

10,'970 

27.35 

11,520 

2 .04 


24.86 

12,620 

23.77 

13,170 

22.78 

10,430 

28.76 

10;980 

27.32 

11,530 

26.02 


24.83 

12,630 

23.75 

13,180 

22.76 

10,440 

28.74 

10,'990 

27.30 

11,540 

26.00 


24.81 

12,640 

23.73 

13,190 

22.74 

10,450 

28.71 

iiiooo 

27.27 

11,550 

25.97 

12,100 

24.79 

12,650 

23.72 

13,200 

22.73 
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9. Kilocycle-Meter Conversion Table.— Continued 



m or kclkc or m m or kc 


20.96 I 14.860 
20.95 
20.94 
20.92 
20.91 


20.26 j 
20.24 
20.23 
20.22 I 15,390 
20.20 I 15.400 

























































































RADIO 


9. Kilocyclb-Mbter Conversion Table.— Continued 


kc or m m or kclkc or m m or kclkc or m m or kclkc or m m or kclkc or m m or kclkc or mlm orkc 
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9. Kiloctcus-Metbr Convsbsion Tabus.— Continued 


kcorm 

morkc 

kcorm 

morkc 

kcorm 

morkc 

IPP 

■iil 

morkc 

kcorm 

morkc 


morkc 

19,810 

15.144 

20,360 

14.735 

20,910 

14.347 

21,460 

13.979 

iiR 


22,560 

13.298 

19,820 

15.136 

20,370 

14.728 

20,920 

14.340 

21,470 

13.973 


13.624 

22,570 

13.292 

19,830 

15.129 

20,380 


20,930 

14.333 

21,480 

13.966 

ikTi 

13.618 

22,580 

13.286 

19,840 

15.121 

20,390 

14.713 

20,940 

14.327 

21,490 

13.960 


13.612 

22,590 

13.280 

19,850 

15.113 

20,400 


20,950 

14.320 

21,500 

13.953 


13.605 

22,600 

13.274 

19,860 

15.106 

20,410 

14.699 

20,960 

14.313 

21,510 

13.947 

22,060 


22,610 

13.268 

19,870 

15.098 

20,420 

14.691 

20,970 


21,520 

13.941 

22,070 


22,620 

13.263 

19,880 


20,430 

14.684 

20,980 

14.299 

21,530 

13.034 

22,080 

t 

22,bo0 

13.257 

19,890 


20,440 

14.677 

20.990 

14.293 

21.540 

13.928 

22,090 

13.581 

22,640 

13.251 

19,900 

15.075 

20,450 

14.670 

21,000 

14.286 

21,550 

13.921 

22,100 

13.575 

22,650 

13.245 

19,910 

■fVlTlyl 

20,460 

14.663 

21,010 

14.279 

21,560 

13.915 

22,110 

13.569 

22,660 

13.239 

19,920 


20,470 

14.656 

21.020 

14.272 

21,570 

13.908 

22,120 

13.562 

22,670 

13.233 

19,930 

15.053 

20,480 

14.648 

21,030 

14.265 

21,580 


22,130 

13.556 

22,689 

13.228 

19,940 

15.045 

20,490 

14.641 

21,040 

14.259 

21,590 

13.895 

22.140 

13.550 

22,690 

13.222 

19,950 

15.038 

20,500 

14.634 

21,050 

14.252 

21,600 

13.889 

22.150 

13.544 

22,700 

13.216 

19,960 

15.030 

20,510 

14.627 

21,060 

14J245 

21,610 

13.882 

22,160 

13.538 

22.710 

13.210 

19,970 

15.023 

20,520 

■CHiWl 

21,070 

14.238 

21,620 

13.876 

22,170 

13.532 

22,720 

13.204 

19,980 


20,530 

14.613 

21,080 

14.231 

21,630 

13.870 

22,180 

13.526 

22,730 

13.198 

19,990 

r #1 

20,540 

leitfiiti 

21,090 

14.225 

21,640 

13.863 



22,740 

13.193 

20,000 


20,550 

14.599 

21,100 

14.218 

21,650 

13.857 


13.514 

22,750 

13.187 

20,010 

14.993 

20,560 

14.591 

21,110 

14.211 

21,660 




22,760 

13.181 

20,020 


20,570 

14.584 

21,120 

14.205 

21,670 

13.844 

■ TTrirk 

1 13.501 

22,770 

13.175 

20,030 


20,580 

14.577 

21,130 

14.198 

21,680 

13.838 


13.495 

22,780 

13.160 

20,040 


20.590 


21,140 

14.191 

21,690 

13.831 



22,790 

13.164 

20,050 

14.963 

20,600 

14.563 

21,150 

14.184 

21,700 

13.825 


13.483 

22,800 

13.158 

20,060 

14.955 

20,610 

14Ji56 

21,160 

14.178 

21,710 

13.819 


13.477 

22,810 

13.152 

20,070 

14.948 

20,620 

14.549 

21,170 

14.171 

21,720 

13.812 

W u frk 

13.471 

22,820 

13.146 

20,080 

14,940 

20,630 

14.542 

21,180 

14.164 

21,730 


■ n Trf 

13.465 

22,830 

13.141 

20,090 

14.933 

20,640 

14.535 

21,190 

14.158 

21,740 

13.799 


13.459 

22,840 

13.135 

20,100 

14.925 

20,650 

14.528 

21,200 

14.151 

21,750 

13.793 


13.453 

22,850 

13.120 

20,110 

14.918 

20.660 

14.521 

21,210 

14.144 

21,760 

13.787 

22,310 

13.447 

22,860 

13.123 

20,120 

14.911 

20.670 

14.514 

21,220 

14.138 

21,770 

13.780 


13.441 

22,870 

13.118 

20,130 

14.903 

20.680 

14.507 

21,230 

14.131 

21,780 

13.774 

22,330 

13.435 

22,880 

13.112 

20,140 

14.896 

20.690 

14.500 

21,240 

14.124 

21,790 

13.768 

22,340 

13.429 

22,890 

13.106 

20,150 

14.888 

20,700 

14.493 

21,250 

14.118 

21,800 

13.761 

22,350 

13.423 

22,900 

13.100 

20,160 

14.881 

20,710 

14.486 

21,260 

14.111 

21,810 

13.755 

22,360 

13.417 

22,910 

13.095 

20,170 

14.874 

20,720 

14.479 

21,270 

14.104 

21,820 

13.749 

22,370 

13.411 

22,920 

13.089 

20,180 

14.866 

20,730 

14.472 

21,280 

14.098 

21,830 

13.743 

22,380 


22,930 

13.083 

20,190 

14.859 

20,740 

14.465 

21,290 

14.091 

21,840 

13.736 

22,390 

13.399 

22,940 

13.078 

20,200 

14.851 

20,750 

14.458 

21,300 

14.085 

21,850 

13.730 

22,400 

13.393 

22.950 

13.072 

20,210 

14.844 

20,760 

14.451 

21,310 

14.078 

21,860 

13.724 

22,410 

13.387 

22,960 

13.066 

20,220 

14.837 

20,770 

14.444 

21.320 

14.071 

21,870 

13.717 

22,420 

13.381 

22,970 


20l230 

14.829 

20,780 

14.437 


14.065 

21,880 

13.711 

22,430 

13.375 

22,980 

13.055 

20,240 

14.822 

20,790 

14.430 


14.068 

21,890 


22,440 

13.369 

22,990 

13.049 

20,250 

14.815 

20,800 

14.423 


14.052 

21,900 

13.699 

22,450 

13.363 

23,000 

13.043 

20,260 

14.806 

20,810 

14.416 

21,360 

14.045 

21,910 

13.692 

22,460 

13.357 

23,010 

13.038 

20,370 

14.800 

20,820 

14.409 

21.370 

14.038 

21,920 

13.686 

22,470 

13.351 

23,020 

13.032 

20,280 

14.793 

20,830 

14.402 

21,380 

14.032 

21,930 


22,480 

13.345 

23,030 

13.026 

30,290 

14.786 

20,840 

14.396 

21,390 

14.025 

21,940 

13.674 

22,490 

13.339 

23,040 


20,300 

14.778 

20,850 

14.388 

21,400 

14.019 

21,950 

13.667 

22,500 

13.333 

23,050 

13.015 

20,310 

14.771 

20,860 

14.382 

21,410 

14.012 

21.960 

13.661 

22,510 

13.327 

23,060 

13.010 

20,320 

14.764 

20,870 

14.375 

21,420 



13.665 

22,520 

13.321 

23,070 

13.004 

20,330 

14.757 

20,880 

14.368 

21,430 

13.999 

Flmi 

13.649 

22,530 

13.316 

23,080 

12.998 

20,340 

14.749 

20,890 

14.361 

21,440 

13.993 

EWt 

13.643 

22,540 


23,090 

12.903 

20,350 

14.742 

20,900 

14.354 

21,450 

13.986 

22,000 

13.636 

22,550 

13.304 1 

23,100 

12.987 
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9. Kiukjycle-Metbr Ck>NVSssiON Tabes .—Continued 
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9. KiiiOCTCUi-MiiTER Conversion Table .—Cantinxied 




























































































standard Letter Symbols for Electrical 
Quantities 


Admittance. 

Angular velocity (2ir/). 

Capacitance. 

Conductance.. .. 

Current. 

Difference of potential. 

Dielectric constant. 

Energy. 

Frequency. 

Impedance. 

Inductance. 

Magnetic intensity. 

Magnetic flux. 

Magnetic flux density. 

Mutual inductance. 

Number of conductors or turns 

Permeability. 

Phase displacement. 

Power. 

Quantity of electricity. 

Reactance. 

Resistance. 

Susceptance. 

Speed of rotation. 

Voltage. 

Work. 


Y. y 
<0 

c 

G, g 

I.i 

Ef e 
K or € 
W 
f 

Z, z 
L 
H 


B 

M 

N 


dor 4) 


Qyq 
X,x 
Rf r 


h 


n 

E,e 

W 


Letter Symbols for Vacuum Tube Notation 

Grid potential. Eg^Cg 

Grid current. hiH 

Grid conductance. Qg 

Grid resistance. Vg 

Grid bias voltage. Ec 

Plate potential. Ep,ep 

Plate current. Jpjip 

Plate conductance. Qp 

Plate resistance. Vp 

Plate supply voltage. Eh 

Emission current./« 

Mutual conductance. Qm 

Amplification factor. 1 

Filament terminal voltage .... Ef 

Filament current. Ir 

Filament supply voltage. Ea 

Grid-plate capacity. Cgp 

Grid-filament capacity. 

Plate-filament capacity. 

Grid capacity {Cap -f- Cg/) - (fg 

Plate capacity (Cgp 4* Cp/)... Cp 
Filament capacity + Cp/). Cj 
Note.—S mall letters refer to in¬ 
stantaneous values. 


Abbreviations Commonly Used in Radio 
Alternating current.a.c. 


Antenna.ant. 

Audio frequency.a.f. 


Continuous waves.c.w. 

Cycles per second. 

I>Mibel.db. 

Direct current.d.c. 

Electromotive force.e.m.f. 

Frequency.f. 

Ground.n.gnd. 

Henry...n. 

Intermediate frequency.i.f. 

Interrupted continuous waves. i.c.w. 

Kilocycles (per second).kc. 

Kilowatt.kw. 

Megohm.MS2 

Microfarad./xfd. 

Microhenry./xh. 

Micromicrofarad. ppid. 

Microvolt./XV. 

Microvolt per meter. pv/ m 

Milliampere.ma. 

Milliwatt.mw. 

Ohm.ft 

Power factor.p.f. 

Radio frequency.r.f. 

Volt.V. 


Greek Alphabet 

Since Greek letters are used to stand 
for many electrical and radio quanti¬ 
ties, the names and symbols of the 
Greek alphabet with the equivalent 
English cnaracters are given. 


Greek 

Letter 

Greek 

1 Name 

English 

Equivalent 

A a 

Alpha 

a 

B /3 

Beta 

b 

r y 

Gamma 

g 

A 5 

Delta 

d 

E € 

Epsilon 

e 

z r 

Zeta 

z 

H V 

Eta 

e 

e 1? 

Theta 

th 

I 1 

Iota 

i 

K #c 

Kappa 

k 

A X 

Lambda 

1 

M /X 

Mu 

m 

N 

Nu 

n 

S ^ 

Xi 

X 

0 o 

Omicron 

6 

II TT 

Pi 

p 

P P 

Rho 

r 

s <r 

Sigma 

s 

T T 

Tau 

t 

T V 

U^silon 

u 

ph 

X X 

Chi 

ch 

qf rf, 

Psi 

ps 

ft <a 

Omega 

5 
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PRINT SHOP 

The printer's mathematical problems consist mainly of esti¬ 
mating the amount of composition which will be required to set 
up certain copy, the printing space which this \^ill consume, and 
estimating quantities of printing and paper. The computations 
he makes are entirely conventional, but the units he uses are 
peculiar to his trade. 

Type Measure.—Previous to the year 1886 type sis?es were 
indicated by names, brevier^ bourgeois^ pica^ etc. Some of these 
names have continued in use although the point system is now 
used exclusively. The following is a list of the standard sizes 
of type with the old name designations: 


TABLE 1 


Old Name 

Point 

Size 

Old Name 

Point 

Size 

Excelsior. 

3 

2-line Brevier or Columbian. 

16 

Brilliant. 


3-line Nonpareil or Great Primer 

18 

Semi-Brevier. 

4 

2-line Long Primer or Paragon... 

20 

OiannonH. 

4M 

5 

2-line Small Pica. 

22 

Pearl. 

2-line Pica. 

24 

Agate. 

6 

2-line English. 

28 

Nonpareil . . -. ,. 

5-line Nonpareil. 

30 

Minion. 

Brevier 

7 

8 

3-line Pica or Double Great 
Primer. 

36 

Bourgeois ... 

9 

7-line Nonpareil. 

42 

Long Primer, , . , ,. 

10 

4-line Pica or Canon. 

48 

Small Pina - .... 

11 

9-line Nonpareil. 

54 

Pica . 

12 

5-line Pica. 

60 

Eng]iflY> .... 

14 

6-line Pica. 

72 
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A few of these types sizes are illustrated in Fig. 1. 

A point, as used in printing, is 0.0138 inch or approximately 
inch. Thus, an 8-point type has a body (Fig. 2) ilich and nine 
lines of this type measure one inch vertically on a page; a 12- 
point type has a body ^ inch and equals six lines to the inch. 

mmmmmMM M M M JVI 

0 B 10 12 14 18 24 30 36 48 60 Points 

1 Point 2 Point 3 Point 4 Point 6 Point 

8 Point 12 Point 6 Point Parallel 

Fig. 1. 

The number of lines and fractions of lines (in points) to the 
inch for the more common sizes of type are given below: 


TABLE 2 
Lines Points 


6 point equals 

12 


to the inch 

7 point equals 

10 

2 

to the inch 

8 point equals 

9 


to the inch 

9 point equals 

8 


to the inch 

10 point equals 

7 

2 

to the inch 

11 point equals 

6 

6 

to the inch 

12 point equals 

6 


to the inch 


The size of type as we have defined it is really the size of the 
block to which the letters are attached. The sizes of the letterw 
themselves depend on the face or the cut and shape of the type 
family in question. One 12-point face may have a small body 
with long descenders while another may have a full heavy body* 
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Thus: 

This line is twelve-point Cloister. 

This line is twelve-point Bodoni. 

It will be noted that while these two faces are of the same point 
size, one requires more lateral space for a word than the other. 
This brings us up to the consideration of the 'pica which is a unit 
used to measure the length of a line of type and also the size of a 
type page. A pica is 12 points or i inch. Thus, a line of type 
four inches long is said to be 24 picas long. Similarly, a type page 
7 inches by 4| inches is 42 by 27 picas. 

Illustration: A type page is 54 picas long. How many 
lines of 12-point type will it accommodate? 

54 X 12 (no. of points in a pica) 12 (no. points of type) = 

54 lines (Ans.) 

Illustration: How many lines of 10-point type will go on a 
page 42 picas long? 

42 X 12 -T- 10 = 504 -f- 10 = 50 t^ or 50 lines (Ans.) 

Illustration: A type page is to be 6 inches high. How many 
lines of 8-point type will it hold? 

From Table 2, 8-point type gives 9 lines per inch. 

Then, 9 X 6 = 54 lines (Ans.) 

Another solution is to change the 6 inches to the equivalent 
number of points and divide by 8. This may be done in one 
operation as follows: 

9 

= 6 X 9 = 54 (Ans.) 

Space Measure.—A low type without printing surface is set 
between words, following the period of a sentence, and between 
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letters of a word when justifying a short line. A quad (or em quad) 
is a space type which is just as wide as it is thick. Thus in a 10- 
point font an em quad is 10 points or four-j&fths pica-wide. In a 

12-point font an em is 12 points or 
one pica wide. A space half an em 
in width is called an cn. Types 5 to 
em, 4 to em, and 3 to em are also used 
in spacing. 

The space between lines of type is 
often increased for the sake of legi¬ 
bility by the insertion of lead rules of 
any desired thickness. They are fur¬ 
nished in 1-point, 2-point, 3-point, 
etc., thicknesses as shown in Fig. 1. 
Type so spaced is said to be leaded. 
When type is set on a Linotype it 
may be leaded by having a shoulder 
cast directly on the slug. Thus, a 
10-point type may be cast on a 
12-point slug, the effect being the 
same as inserting a 2-point lead into 
10-point type set ‘‘ solid Type 
so set is referred to as 10 on 12 ”, 
** 8 on 10 ”, or whatever the combina¬ 
tion of type size to slug size may be. 
If type is designated as ‘‘ leaded ”, 
without further qualification, a 2-point 
lead is meant. When computing the number of lines of leaded 
type to a page, the leading must, of course, be taken into account. 

Illustration: How many lines of type 9-point on 11 will go 
onto a page 36 picas long? 

36 picas X 12 == 432 points 

•W = or 39 lines. (Ans.) 

Estimating Type Space —Line Method .—We noted in the dis¬ 
cussion of type sizes that considerable difference exists between 



c Shoulder h Nick 

d Counter i Groove 

e Serifs j Feet 

Fig. 2. Metal Type 

Fig. 2. 
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the lateral space required by different type faces of the same point 
size. If any considerable amoimt of type is to be set, this differ¬ 
ence may aggregate many pages. The most accurate method of 
estimating is based on a character count of the ‘copy and the use 
of a space factor for the type face selected. 

Character Count.—Standard typewriters have type of one of 
two sizes: “ pica ” (not to be confused wito-letter-press type of 
same name) which produces ten characters to the inch, and 
“ elite ” which produces twelve characters to the inch. These 
machines write six lines to the inch “ single spaced ” or three 
lines to the inch “ double spaced.” Each punctuation mark 
takes the same space as a letter. The munber of characters on a 
page of typed manuscript may then be found very readily by 
measuring the length of an average line in inches and multiplying 
by ten or twelve, as the case may be, then measuring the length 
of the type page in inches and multiplying by six if it is single 
spaced, three if it is double spaced. The product of these products 
is the number of characters on the page. 

Illustration: A manuscript page typed single spaced on a 
“ pica ” typewriter has an average line length of six inches and a 
typed page length of eight and one-half inches. How many char¬ 
acters are there to the line and how many characters per page? 

6 X 10 = 60 characters per line. (Ans.) 

8^ X 6 = 51 lines per page 

60 X 51 = 3060 characters per page (Ans.) 

Illustration: A manuscript page is typed double spaced on 
an “ elite ” typewriter to a depth of nine inches with an average 
line length of six and one-half inches. How many characters are 
there to the line and how many characters to the page? 

61 X 12 = 78 characters per line (Ans.) 

9 X 3 = 27 lines per page 

78 X 27 = 2106 characters per page (Ans.) 
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TABLE 3 

Avbraqe Number op Characters to One Pica 
(Each letter , space , and punctuaiion point is counted as a character ) 


Type Size, Points 


Type Face 

6 

7 

8 

9 

10 

11 

12 

Antique No. 1. 

3.35 


2.75 


2 4 


2 1 

Benedici^ine and Benedic- 








tine Book. 

3.9 

3.5 

3.1 

2.8 

2.5 

2.35 

2.2 

Benedictine Bold.1 



2.85 


2.35 


2 0 

Bodoni. 

3.9 

3.4 

3.0 


2 55 


2 4 

Bodoni Book. 

3.95 

3.6 

3 2 

2.9 

2 75 


2 5 

Bodoni Bold. 

3.6 


2.8 

2.4 


2.2 

Caslon. 


3.5 

3 2 

2 9 

2 75 

2 4 

2 2 

Caslon Old Face. 

4.05 


3 45 

3.1 1 

3 0 

2.75 

2 4 

Caslon No. 3. 

3.7 


3.1 

2 45 

2 2 

Century Expanded. 

3.45 

3.1 

2.8 

2.6 

2.4 

2.3 

2.1 

Century Bold. 



2.9 


2.35 


2 1 

Cheltenham. 



3 45 

3 15 

2 9 

2.7 

2 55 

Cheltenham Wide. 

3.1 


2.9 


2.5 

2 2 

Cheltenham Condensed. . . 



3.5 


2.85 


2.6 

Cheltenham Bold. 

3.25 


2.8 


2.3 

2.2 

2.1 

Cloister. 

4.0 


3.45 


3.1 

2.95 

2.85 

Cloister Wide and Cloister 






Bold. 

3.6 


3.0 


2.7 


2.5 

Le Vinne. 

3.5 


3.0 

2.85 

1 2.6 

2.3 

2.1 

Elzevir No. 3. 

3.75 


3.0 

2.8 

2.65 

2.4 

2.25 

Franklin. 

3.7 

3.55 

3.2 

2.9 

2.75 

2.6 

2.35 

Garamond. 

4.2 


3.45 

3.1 

2.9 

2.6 

2.4 

Garamond Bold. 

3.7 


3.1 


2.55 


2.1 

Gran j on. 



3.45 


2.9 

2.76 

2.5 

Ionic No. 6. 

3.16 

2.9 

2.63 

2.45 

Narciss. 





2.4 


2.0 

Number 16. 

3.15 

2.85 

2.6 

2.4 

2.3 

...... 

2.0 

Old Style No. 1. 

3.55 

3.25 

3.0 

2.8 

2.65 

2.55 

2.3 

Old Style No. 7. 

3.8 

3.45 

3.2 

3.0 

2.75 

2.55 

2.35 

Original Old Style. 

3.7 


3.05 


2.75 


2.45 

Scotch. 

3.35 


3.0 


2,7 

2.55 

2.25 
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In these computations, the short lines at the ends of the para¬ 
graphs are regarded as full lines, for if the type is set 20 to 30 picas 
wide approximately the same number of similar short lines will 
occur in the type. 

Table 3 shows the number of characters in a line for a width of 
one pica of a number of common Linotype faces. Each letter, 
space, and punctuation point is counted as a character. Having 
selected the type face and the width of line, the amount of space 
which this will take can be computed as shown in the following 
illustration. 


Illustration : A manuscript of 75 typewritten pages averaging 
2500 characters per page is to be set in Caslon 11-point on 13, 
26 picas wide and 40 picas depth of page. How manj- type pages 
will this make? 

From Table 3 we note that Caslon 11-point type averages 

2.4 characters per pica. Then the number of characters per line is, 

2.4 X 26 =• 63.4 characters per line of type 


The number of lines of type on a 13-point slug which a 40-pica 
page will hold is, 


12 X 40 
13 


37 lines. 


Then the number of characters per page of type is the product 
of the number of characters per line and the number of lines, 

63.4 X 37 = 2346 characters of type per page. 

The manuscript of 75 pages averaging 2500 characters per page 
consists of, 

75 X 2500 = 187,500 characters 

The number of type pages is then simply, 

187,500 . 

- - -= 80 pages (Ans.) 

2346 

Estimating Space —Arexi Method .—A less accurate 

method of estimating type space consists of estimating the number 
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of words in a manuscript and using a figure for the number of 
words per square inch of a certain type size. It takes no accoimt 
of the variations of the different types of one size and wo present 
it here only because it is still used in a number of shops. 

The number of words of a manuscript may be estimated by 
counting a few lines on a representative page. To obtain the 
average length of a line in words, count ten lines and move the 
decimal point one place to the left. Thus, if ten lines of a manu¬ 
script contain 115 words, the average line has 11.5 words. The 
number of lines per page is determined as above, and the number 
of words per page is then the product of the average number of 
words per line and the number of lines. 


IiiLUSTBATiON: Ten lines of a manuscript consists of 92 words. 
How many words are there on the page if there are thirty lines? 

92 10 = 9.2 average words per line 

9.2 X 30 = 276 words per page (Ans.) 


Knowing the number of words of a piece of copy, Table 4 may 
then be used to determine the space which this will cover. 

Illustration: A manuscript of 40,000 words is to be set in 
10-point on 12 type. How much space will this cover in square 
inches and how many pages will it cover if the type page is 6 inches 
by 4 inches? 

From Table 4, 10-point leaded type averages 16 words per 
square inch. Then, the copy will cover 


40,000 

16 


= 2,500 square inches (Ans.) 


A page 6 inches by 4 inches is 24 square inches. Then the 
number of type pages will be 


2,500 

24 


= 104^ pages (Ans.) 



PRINT SHOP 


831 


TABLE 4 

WOBDB AND Elia TO THE SgDASS InCH 


(Approximate number of worde of average length for type of average width) 


Size 

Old Name 


SoUd 

No. of 
Ema 

4J^ point 

Diamond. 

74 

98 

256 

6 

Pearl. 

46 

66 

208 

“ 

Agate. 

40 

60 

172 

6 ‘‘ 

Nonpareil. 

32 

44 

144 

7 

Minion. 

26 

34 

106 

8 “ 

Brevier. 

22 

30 

81 

9 “ 

Bourgeois. 

19 

24 

64 

10 ** 

Long Primer. 

16 

20 

1 52 

11 

Small Pica. 

14 

17 

1 43 

12 

Pica. 

11 

14 

36 

14 ** 

English. 

9 

11 

26 

18 

Great Primer. 

7 

8 

16 

22 ** 

Double Small Pica. 

4 

5 

11 


Book Paper.—The paper generally used for books, magazines, 
circulars, catalogues, etc., is designated as book paper. This is a 
broad classification which includes a variety of finishes, colors, 
and weights, both coated and uncoated. The substance weight 
of paper is the weight in pounds of one ream (500 sheets) 25 in. by 
38 in. in size. Thus, if a 60-pound paper is specified for a job, it 
means paper of such weight that 500 sheets of it 25 in. by 38 in. 
weigh 60 pounds. 

Until recently the price of book paper was quoted by the 
pound in 1000 sheet lots. This has gone into discard by paper 
dealers, most of whom now quote prices per pound in ream 
lots. A higher price is demanded for quantities less than 500 
sheets. 

The weight of paper required for a job may, of course, be com¬ 
puted by arithmetic if the substance weight and sheet size are 
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known. However, this is needless work since most jobs involve 
the use of standard sizes, and weights may be obtained from 
Table 5 for 1000 sheets and from Table 7 for the ream". 

TABLE 5 

Weight in Pounds op 1000 Sheets of Book Paper 


Sheet 


Substance weight, pounds 


mches 

30 

35 

40 

45 

50 

60 

70 

80 

90* 

100 

120* 

22X32 

44 

62 

59 

67 

74 

89 

104 

119 

133 

148 

178 

24X36 

54 

64 

72 

82 

90 

110 

128 

146 

164 

182 

218 

25X38 

60 

70 

80 

90 

100 

120 

140 



200 

240 

26X29 

48 

66 

64 

72 

80 

96 

112 

126 

142 

158 

190 

26X40 

66 

76 

88 

98 

110 

132 

154 

176 

198 

218 

262 

28X42 

74 

86 

100 

112 

124 

148 

174 

198 

222 

248 

298 

28X44 

78 

90 

104 

118 

130 

156 

182 

a 

234 

260 

312 

29X62 

96 

112 

128 

144 

160 

192 

224 

252 

284 

316 

380 

30HX41 

78 

92 

106 

118 

132 

158 

184 


236 

264 

316 

32X44 

88 

104 

118 

134 

148 

178 

208 

238 

266 

296 

356 

33X46 

96 

112 

128 

144 

160 

192 

224 

256 

288 

320 

384 

34X44 

94 

110 

126 

142 

158 

188 

220 


284 

314 

378 

36X45 

100 

116 

132 

150 

166 

198 

232 

266 

298 

332 

398 

36X48 

108 

128 

144 

164 

180 

220 

256 

292 

328 

364 

436 

38X60 

120 

140 

160 

180 

200 

240 

280 


360 

400 

480 

41X61 

166 

184 

212 

236 

264 

316 

368 


472 

528 

632 

42X66 

148 

172 

200 

224 

248 

296 

348 

396 

444 

496 

596 

44X56 

166 

180 

208 

232 

260 

312 

364 

416 

468 

520 

624 

44X64 

176 

208 

236 

268 

296 

356 

416 

476 

532 

582 

712 


* Applies only to coated papers. 


Sometimes a paper is required which is not one of the standard 
sizes included in Tables 5 or 7. In that case the weight may be 
found by determining the weight per square inch per 1000 sheets 
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of paper of the same substance weight and multiplying this by the 
area of the sheet size in question. The product will be the weight 
of 1000 sheets of that pap>er. For example, the area of a standard 
sized sheet is 25 in. X 38 m. = 950 sq. in. The weight of 1000 
sheets of 60-pound paper is, from Table 5, 120 pounds. Then 
the weight of 1000 sheets per square inch of this paper is 120 -i- 950 
=0.12632 pound. Table 6 is a list of the .mit weights per 1000 
sheets of several substance weights. 

TABLE 6 

Weight pee Square Inch of 1000 Sheets op Book Paper, Pounds 


Substance weight, 

Unit weight, 

pounds 

pound 

50 

0.10526 

60 

0.12632 

70 

0.14737 

80 

0.16842 

100 

0.21053 


Illustration: 4000 sheets of 70-pound substance weight 
paper 32 inches by 48 inches are needed for a job. What is the 
weight of this paper? 

This sheet size does not appear in either Tables 5 or 7. Then 
Table 6 may be used. 

Area of sheet = 32 X 48 = 1536 sq. in. 

Weight of 1000 sheets = 1536 X .14737 = 226.4 pounds 
Weight of 4000 sheets = 4 X 226.4 = 906 whole pounds (Ans.) 

Illustration: Five reams of 70-pound paper 28 inches by 
44 inches are needed for a job. What is the actual weight of this 
paper? 

From Table 7, one ream of 70-pound paper, 28 inches by 
44 inches weighs 91 pounds. Five reams then weigh. 

5 X 91 = 455 pounds (Ans.) 

Cover Papers.—Cover papers are designated by substance 
weights which refer to the weight of one ream (500 sheets) of a 
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TABLE 7 

Weight in Pounds of One Ream op Book Paper 


Substance weight, pounds 


Size, 


inches 

26 

28 

30 

36 

40 

46 

60 

60 

70 

80 

90 

100 

120 

22X32 



22 

26 


34 

37 

45 

62 

60 


74 

89 

24X36 

23 

26 

27 

32 


41 

45 

55 

64 

73 


91 

109 

26X38 

26 

28 

30 

36 

40 

46 

60 

60 

«i] 

80 

90 

100 

120 

26X29 

20 

22 

24 

28 

32 

36 


48 

66 

63 

71 

79 

96 

26X40 

27 

31 

33 

38 

44 

49 

66 

66 

77 

88 

99 

109 

131 

28X42 

31 

36 

37 

43 

mm 

66 

62 

74 

87 

99 

111 

124 

149 

28X44 

33 

36 

39 

45 

52 

68 


78 

91 

■Tm 

117 

130 

156 

29X62 

40 

46 

48 

66 

64 

72 


96 

112 

126 

142 

158 

190 

30MX41 

33 

37 

39 

46 

53 

69 

66 

79 

92 

mm 

118 

132 

168 

32X44 

37 

42 

44 

52 

69 

67 

74 

89 

mm\ 

119 

133 

148 

178 

33X46 

40 

46 

48 

66 

64 

72 


96 

112 

128 

144 

160 

192 

34X44 

39 

44 

47 

66 

63 

71 

79 

94 

■nil 

126 

142 

167 

189 

36X46 

42 

47 

60 

68 

66 

75 

83 

99 

116 

133 

149 

166 

199 

36X48 

46 

51 

64 

64 

72 

82 

90 

110 

128 

146 

164 

182 

218 

38X60 

60 

66 

60 

70 

80 

90 

■Biii 

mm 

mm 

■Kil 

■Kil 

200 

240 

41X61 

66 

74 

78 

92 

Km 

118 

132 

158 

184 

210 

236 

264 

316 

42X66 

62 

70 

74 

86 


112 

124 

148 

174 

198 

222 

248 

298 

44X66 

66 

73 

78 

llil 

■Bfl 

116 

130 

166 

182 

mm 

234 

260 

312 

44X64 

74 

83 

88 

104 

118 

134 

148 

178 


238 

266 

296 

356 


TABLE 8 

Weight op 1000 Sheets of Cover Paper, Pounds 


Sheet 

size. 



Substance weight, pounds 



inches 

25 

35 

40 

60 

65 

80 

130 

20X26 

60 

70 

80 

100 

130 

160 

260 

23X36 

78 

109 

124 

166 

201 

248 

402 

26X40 

100 

140 

160 

200 

260 

320 

620 
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sheet size 20 in. by 26 in. They, too, are now usually quoted at 
so much per pound per 1000 sheets. Table 8 gives the weights 
per 1000 sheets for three standard sizes and Table 9 the corre¬ 
sponding weights per ream. 


TABLE 9 

Weight op One Ream op Cover Paper, Pounds 


Size, 

inches 


Substance weight, pounds 



25 

35 

40 

50 

65 

1 

80 

90 

20X26 

25 

35 

40 

50 

65 

80 

90 

23X36 

39 

54 

62 

77}^ 

1001-2 

124 

139J4 

26X40 

50 

70 

80 

100 

130 

160 

180 

1 


Writing Papers.—Bond, writing and ledger papers are referred 
to a substance weight per ream of a sheet size 17 in. by 22 in. 
Table 10 gives the weight per 1000 sheets of the more common sheet 
sizes of writing papers. Many more sizes than those listed in 
this table are, of course, manufactured and the weights of odd 
sizes may be determined by obtaining the unit weights per square 
inch per 1000 sheets as was illustrated with the book papers. 


TABLE 10 

Weight op 1000 Sheets op Writing Paper, Pounds 


Sheet 

size, 

Substance weight, pounds 

inches 









13 

16 

20 

24 

28 

32 

36 

17X22 

26 

32 

40 

48 

56 

64 

72 

17X28 

33 

41 

51 

61 

71 

81 

92 

19X24 

32 

39 

49 

59 

68 

78 

88 

22X34 

52 

64 

80 

96 

112 

128 

144 

24X38 

64 

78 

98 

118 

137 

156 

176 

28X34 

66 

82 

102 

122 

143 

162 

184 

34X44 

104 

128 

160 

192 

224 

256 

288 
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Table 11 gives the unit weights per 1000 sheets for the more com¬ 
mon substance weights. 


TABLE 11 

Weight per Square Inch of 1000 Sheets op Writing Paper, Pounds 


Substance weight, 
pounds 
16 
20 
24 
28 
32 


Unit weight, 
pound 
0.08566 
0.10695 
0.12834 
0.14973 
0.17112 


TABLE 12 


Sizes of Paper and Cover Paper Accommodating Different Page Sizes 
WITH Minimum Waste 


Page size, 
inches 

Sheet size, 
inches 

1 

Number of 
pages 

Cover i)aper 
size, inches 

Number of 

covers 

3MX 5H 

28 

X44 

8, 16, 32 

23X35 

18 

3HX BH 

32 

X44 

8, 16, 32 

23X35 

16 

3X6 

25 

X38 

24 

20X26 

12 

SVsX BVs 

33 

X46 

8, 16, 32 

23X35 

16 

3HX 7 

32 

X44 

24 

23X35 

12 

4KX BVs 

25 

X38 

8, 16, 32 

20X26 

8 

3KX 

33 

X46 

24 

23X35 

12 

4 X dVs 

25 

X38 

24 

20X26 

6 

B X BVs 

28 

X42 

8, 16, 32 

23X35 

9 

mx 7M 

301^X41 

8, 16, 32 

20X26 

6 

BViX BVs 

28 

X44 

8, 16, 32 

23X35 

9 

4i^X 8 

25 

X38 

24 

20X26 

6 

6MX 7M 

32 

X44 

8, 16, 32 

23X35 

8 

BViX V/s 

33 

X46 

8, 16, 32 

23X35 

8 

4MX BVs 

30^X41 

24 

20X26 

4 

5MX10M 

32 

X44 

24 

23X35 

9 

6 X 03^ 

25 

X38 

8, 16, 32 

20X26 

4 

6MX 9M 

26 

X29 

24 

20X26 

4 

7J^X105^ 

32 

X44 

8, 16, 32 

23X35 

4 

8 xnvs 

33 

X46 

8, 16, 32 

23X35 

4 

9HXl2Vs 

25 

X38 

8, 16 

20X26 

2 






PRINT SHOP 


837 


Selecting Paper. —When a job involves printing more than one 
page at a time, and particularly if a considerable number of impres¬ 
sions are to be made, the selection of paper of suitable size is of 
utmost importance. This is not only a question of reducing 
waste of paper, but also of reducing presswork. Thus, an 8-page 
booklet may be run through a press printing all eight pages at one 
time. Then the sheet is reversed and run tlirough again with the 
pages so arranged that when it is cut in half and folded, two com¬ 
plete booklets result. If the page size can be so fitted to the sheet 
size that no waste beyond the necessary trim occurs, the greatest 
economy is effected. 

Table 12 has been compiled to aid the printer in selecting a size 
of paper and cover stock which will accommodate 8, 16. 24, and 
32 pages of various sizes with a sufficient allowance for folding 
and trim. The method of determining the number of pieces or 
pages which may be obtained from a sheet is to find what mul¬ 
tiples or near-multiples the dimensions of the piece are of the 
dimensions of the sheet. The product of these multiples is the 
number of pieces wffiich may be obtained. Thus, if we have 
a sheet 32 in, by 44 in. and wish to find how many pieces in. 
by 101 in. we may obtain from it, we write the dimensions as 
follows: 

3a X4< 

j?f X m 

4 X 4 = 16 pieces. 

Cancelling out the dimensions of the smaller into those of the 
larger to find the number of whole times they are contained therein, 
we obtained 4 as the multiple in each case in this example. The 
product of these, 16, is the number of pieces which may be obtained. 

Illustration: How many pieces 5 inches by 6^ inches may be 
obtained from a sheet 28 inches by 42 inches in size? 

^ X42r 

JBfX Ji 

4 X 8 = 32 pieces. (Ans.) ^ 



26 in, 25 in. 
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88 in, Q 



Fia. 8i 
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The above discussion has concerned itself only with lay-outs 
which permit straight cuts across the paper in either direction. 
Sometimes, however, it is necessary to use up a quantity of paper 
on hand for a certain job which, if it were cut strafght across, would 
entail considerable waste. For example, it is desired to get as 
many pieces 6§ inches by 9 inches as possible from a sheet 25 inches 
by 38 inches. By the ordinary computation, 

25 X38 
6|X 9 

3 X 4 = 12 pieces, 

the yield is found to be only 12 pieces as shown in Fig. 3s. How¬ 
ever, if we transpose the dimensions of the piece and again cancel, 
we have, 

25X38 
9X 6§ 

2 X 5 =10 pieces. 

There then remains a waste piece 7 inches by 38 inches which is 
large enough for use. This yields, 

7 X38 
6|X 9 

1X4 = 4 pieces. 

Thus, by cutting the sheet as shown in Fig. 3b, 14 pieces may be 
obtained. 

Paper Allowance for Spoilage.—In each printing and binding 
operation a certain amount of paper is spoiled for further use. 
This must be taken into account when ordering stock. As the 
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number of impressions increases the percentage of spoilage de¬ 
creases. The following are safe values to use in estimating: 


Number of copies 

Percent spoilage 

One color 

Each add. color 

Binding 

100 to 250 

10 

5 

5 

250 to 500 

6 

4 

4 

500 to 1,000 

5 

2H 

2H 

1,000 to 5,000 

4M 

2M 

2 

5,000 to 10,000 

3.^ 

2H 

2 

Over 10,000 

2 

2 

2 


Estimating Quantity of Paper.— Illustration : A job calls for 
12,000 copies of a 64-page magazine trimmed flush to 6 inches by 9 
inches; body stock to be 60-pound machine finished paper; cover 
stock 80-pound; and one color throughout. How much paper 
will be required for the job? 

Referring to Table 12 we note that a sheet size of 25 in. by 38 in. 
will accommodate a 6 in. by 9 in. page size economically and 
conveniently. As we have seen by previous computations, it 
will take 16 pages on each side or a total of 32 pages. Two such 
sheets will then be needed for each copy of the magazine. With 
12,000 magazines wanted, the sheets needed will be 12,000 X 2 = 
24,000. This does not allow for waste. From the foregoing table 
we note that 3| percent for printing and 2 percent for binding 
must be added for waste. Then the total sheets required is, 

24,000 + 24,000 X (0.036 + 0.02) = 25,320 sheets 

Referring now to Table 5 we find that this paper weighs 120 pounds 
per 1000 sheets. Then, 

120 X 25.32 = 3038 pounds paper required. (Ans.) 

From Table 12 we also note that 20 in. by 26 in. cover stock will 
make 4 covers for a trim size of 6 in. by 9 in. Then, for 12,000 






PRINT SHOP 


841 


copies, 12,000 -5- 4 — 3000 sheets will be needed. Again adding a 
total of 6^ percent for waste for printing and binding we find that 
it will be prudent to provide 

3,000 + 3,000 X 0.055 = 3,165 sheets 

Referring to Table 8 we see that this cover stock weighs 160 pounds 
per 1000 sheets. Then the weight required v.^ll be, 

160 X 3.165 = 507 pounds. (Ans.) 
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BUSINESS MATHEMATICS 

Business has been defined as ^^the comniercial activity of a 
community.” Naturally, mathematics plays a very important 
role in the diverse transactions that are execur;ed in this commer¬ 
cial activity. 

Invoice.—Perhaps the most common of all business transac¬ 
tions is the buying and selling of commodities, which transaction 
is generally represented by an invoice which is an itemized list of 
goods sold by one party to another. The invoice oidinarily car¬ 
ries the following information; 

1. Date 

2. Name and address of person or firm selling the goods 

3. Name and address of person or firm buying the goods 

4. Order numbers of both the buyer and the seller 

5. Terms and manner of shipment 

6. Terms of payment 

7. Items, or list of the goods sold, including (a) quantity, 
(b) name or brief description of goods sold, (c) unit price, (d) exten¬ 
sion representing the total cost of each article, (e) total. 

(1) New York, N. Y., Jan. 5, 1935 

(2) THE AMERICAN CANDY COMPANY 
125 Broadway 
New York City 

(3) Sold to Fred R. Sterlings (4) Your order No. 6792 

100 Main Street Our order No. D873 

Stamford, Connecticut 

(5) Delivery: Our Truck (6) Terms 2/10, n/30 

a b c d 

(7) 10 l/j^ Boxes Peppermints .55 $5.50 

25 2fii ** Cherries .84 21.00 


845 


$26.50# 
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Calculations.—The mathematical phase of the invoice pri¬ 
marily has to do with lower part, the quantity, the unit price, the 
extension, and the total. In preparing the invoice, the various 
types of goods covered by the invoice are listed separately with 
the quantity and unit price of each. The quantity is multiplied 
by the unit price in order to get what is known as the extension. 
The extensions are then added to get the total. 

Illustration: A shoe manufacturer sold a customer 36 pairs 
of women’s pumps at $2.95 per pair, and 36 pairs of women’s 
oxfords at $2.75 per pair. What is the amount of each extension 
and what is the total? 

36 pr. Women’s Pumps @ 12.95 per pair = 36 X 2.95 = $106.20 
36 pr. Women’s Oxfords @ $2.75 per pair = 36 X 2.75 == 99.00 

106.20 plus 99.00 $205.20 (Ans.) 

Unit Price.—It should be noted that unit prices are sometimes 
quoted in terms of price per dozen or price per cwt. (hundred¬ 
weight) or in some other common quantity, while the goods are 
listed in terms of so many units or so many poimds. Calculations 
are then slightly more complicated. When price is quoted as so 
much per special quantity, the price is usually multiplied by the 
total muuber of units or pounds and the resulting answer is divided 
by the number of units in the special quantity, i.e., divided by 
100 if the price is quoted per cwt., divided by 2,000 if the price 
is quoted per ton, etc. 

Illustration: An invoice lists 6789 lbs. of goods at $6.75 
per cwt. What is the amount of the extension? 

$6.75 X 6789 = $45,825.75 
$45,825.75 ^ 100 = $458.26 (Ans.) 

When the unit price is by the dozen, the quantity is frequently 
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Fig. 1.—Invoice 
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expressed in dozens and fractions thereof. In such cases, the 
extension is made in the usual way. 

Illustration: What is the cost of 12^ doz. black silk 
hose @ $8.65 per doz.? 

$8.65 X 12.5 = $108.13 (Ans.) 

Aliquot Parts.—Any number that is contained in another num¬ 
ber an equal number of times is called an aliquot part of that 
number. Aliquot parts are used extensively in making business 
calculations, particularly in connection with extensions on invoices 
as well as discounts and interest calculations. The aliquot parts 
of a number are the fractional parts of that number. The com¬ 
monly used aliquot parts of the dollar are 50)if (1/2), 25^ (1/4), 
20jf (1/5), 16 2/3«f (1/6), mi (1/8), 10^ (1/10), 8 1/Si (1/12), 
6i^ (1/16), 5i (1/20), 2i (1/50). 

Illustration: How would the following items of an invoice 
be calculated using aliquot parts? 

428 lbs. % 25i = $107.00 
192 lbs. @ S7hi = 72.00 

280 lbs. @70i = 196.00 

Total $375.00 

These extensions should be calculated as follows: 

25 = i I of 428 = $107.00 

37^ = I f of 192 = 72.00 

70 = /tr tV of 280 = 196.00 

Invoice and Bill.—These terms are used more or less synony¬ 
mously; however, the term bill is more frequently applied to a bill 
for services such as a telephone bill or a lawyer’s bill, while the term 
invoice is almost invariably applied to an itemized listing of goods 
sold. 
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Discounts. Closely associated with invoices are discounts. 
There are two kinds of commercial discounts: cash discount and 
trade discount. (There is another type of discount known as 
*‘Bank Discount” which is really a form of interest and, therefore, 
is discussed under the general heading of interest.) 



NEW England Telephone and Telegraph Company 

Tb« addrus af av BUSINESS OFFICE u tSawa io llie froot pt' of feat ickpiwo* dirtclirj. 

WWi fiiiag ia ca^ plcaie prtMal balb biU aad Mob. 


Lestei' G. Hill 


September 30, 1935 


For hforaalioo oa 
Serrke, Ralei, Etc. 
See Tdepboao Diredory 


E. Wakefield, N. H. 


Local Service one month ending date of bill... 

Toll Serwlce and Telegramt (ttatement enclosed)... 

/No.ofAdd'l 

Additional Local Meatagea one month ending date of bill.\ Metaages 

Other Charges or Credits (ttatement encloaed'. 


Directory Advertising one month ending date of bill..... 

_ , - , !..«« f ir paid bafore tha r aa X pt af thia bHK 

Balance from previous bill \ piraaa dwhirt rrom loial vb«n ramitting 7- 

Paid by ehaeb ^ ^ before October 21ft 

. plcuo deduct yeur diKount of $ .25 


5-E3 

SANB 


) 


- 5 . 

1 .3 0 


4^ 0 
8.3 5 


Fig. 2.—Bill 


Cash Discount is a percent of a bill that may be deducted if the 
bill is paid within a certain specified time. The rate of this 
discount is stated in the terms of the invoice which includes the 
rate and the number of days within which the discount may be 
deducted. Some rather common terms are: 2/10, n/30 (meaning 
that two percent of the total of the bill may be deducted if it is 
paid within 10 days. If not paid within 10 days, no discount will 
be allowed and the full amount of the bill must be paid within 
30 days), 5/30, n/60 (meaning that five percent of the total of this 
bill may be deducted if it is paid within thirty days. If not paid 
within 30 days, no discount will be allow and the full amount of 
the bill must be paid within 60 days.) 
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IlxusTBATiON : The total of an invoice is $897.50 and the terms 
of payment are 5/30, n/60. How much discount may be deducted 
and how much must be paid if the invoice is paid mthin 30 days? 

Total of invoice. $897.50 

Less 5% discount. 44.88 

Net amount to be paid.$852.62 (Ans.) 

Applying the principle of aliquot parts mentioned previously, 
this discount should be calculated as follows: 

5% = A of $897.50 = $44.88 

Trade Discount is a discount granted to a purchaser and is 
deducted at the time the bill is made out. It is used largely in 
connection with catalogue and list prices in order that these prices 
may be brought in Une with true market values. Trade discount 
is also used at times in connection with purchases in large quan¬ 
tities being offered as a special inducement to attract large orders. 

These discounts are sometimes in the form of a single rate of 
discount and sometimes in the form of a series of discounts, each 
one of the series being deductable from the net amount remaining 
after the preceding discount has been deducted. 

lUiUSTRATiON: If an order were placed for 100 hats, the quo¬ 
tation on which was $1.75 less 10%, how would the invoice read? 

100 Hats $1.75 $175.00 

Less 10% discount 17.50 

Net Amount $157.50 (Ans.) 

Chain Discounts.—Frequently the discount quotation is in 
the form of a series in which case the quotation might be $1.75 
less 25, 10, and 5%. The basic principle involved in chain dis¬ 
counts is that each succeeding discount is based on what is left 
after the preceding discoimt is deducted. 
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Illustration: If the quotation on 100 hats was $1.75 less 
25, 10, and 5%, what would be the net amount of the invoice? 
This item could be calculated as follows: 

$175.00 
43.76 

1.31.25 
13,13 

118.12 
.5.90 

$112.22 (Ans) 

Chain Discount Tables .—Rather than use this long arithmetic 
process, most business organizations use decimal equivalents for 
chain discounts. A table of the most common equivalents is 
shown in Table I. By consulting this table, you will find the 
decimal equivalent of almost any combination. 

Illustration: How would the invoice for 100 hats at $1.75 
less 25, 10, and 5% be calculated when a table of decimal equiva¬ 
lents is used? By consulting the table of decimal equivalents, one 
will find that the decimal equivalent of the series 25, 10, and 5%, 
as listed on the table is 0.64125. 

100 less 0.64125 = 0.35875 

100 Hats @ $1.75 =$175.00 

Less 0.35875 (175 X 0.35875) = 62.78 

Net Amount $112.22 

Calculating Decimal Equivalcmis .—When a table of decimal 
equivalents is not available or when the decimal equivalent of a 
particular series of chain discounts does not appear on an available 
table, it may be necessary to calculate the equivalent. 


100 Hats $1.75 

Less 25% 

Less 10% 

Less 5% 



TABLE 1. 

Table of Net Decimal Equivalents of Chain Discounts 

Multiplying the groes amount by the net decimal equivalent for a chain discount gives the net amount of 
ihe invoice. To obtain the discount only, subtract the decimal equivalent given below from 100 and multiply 
the gross amount by the remainder. 

The net equivalent of a chain discount is the same regardless of the sequence oLthe separate discounts. 
Example: 60-10-6% is the same as 10-6-60%. 


Rate % 

0 

7H 

10 

laH 

16 

16H 

20 

20 

30 

83M 

30 

37H 


,96 

.925 

.90 

.875 

.85 

.83333 

.80 

.75 

.70 

.66667 

.65 

.625 


.92625 

.90188 

.8775 

.85313 

.82875 

.8125 

.78 

.73125 

.6825 

.65 

.63375 

.60938 

6 

.9026 

.87875 

.855 

.83125 

.8075 

.79166 

.76 

.7125 

.665 

.63333 

.6175 

.59375 

5 

.87994 

.85678 

.83363 

.81047 

.78731 

.77187 

.741 

.69469 

.64838 

.6175 

.60206 

.57891 

5 6 

.85738 

.83481 

81225 

.78969 

.76713 

.75208 

.722 

.67688 

.63175 

.60167 

.58663 

.56406 

6 6 2^ 

.83594 

.81394 

.79194 

.76905 

74795 

73328 

.70395 

.65995 

.61596 

.58663 

.57196 

.54996 


.87875 

.85563 

.8325 

.80938 

.78625 

.77083 

.74 

.69375 

.6475 

.61667 

.60125 

.57813 

7^2 2H 

.85678 

.83423 

.81169 

.78914 

.76659 

.75156 

.7215 

.67641 

.63131 

.60125 

.58622 

.56367 

7^2 5 

.83481 

.81284 

.79088 

.76891 

.74694 

.73229 

.703 

.65906 

.61513 

.58583 

.57119 

.54922 

10 

.855 

.8325 

.81 

.7875 

.765 

.75 

.72 

.675 

.63 

.6 

.585 

.5625 

10 212 

.83363 

.81169 

.78975 

.76781 

.74588 

.73125 

.702 

.65813 

.61425 

.585 

.57038 

.54844 

10 6 

.81225 

.79088 

.7695 

.74813 

.72675 

.7125 

.684 

.64125 

.5985 

.57 

.55575 

.53438 

10 5 2?2 

.79194 

.7711 

.75026 

.72942 

.70858 

,69469 

.6669 

.62522 

.58354 

.55575 

.54186 

.52102 

10 7 } 2 

79088 

.77006 

.74025 

.72844 

.70763 

.69375 

.666 

.62438 

.58275 

.555 

.54113 

.52031 

10 10 

.7695 

.74925 

.729 

.70875 

.6885 

.675 

.648 

.6075 

.567 

.54 

.5265 

.50625 

10 10 0 

,73103 

.71179 

.69255 

.67331 

.65408 

.64125 

.6156. 

.57713 

.53865 

.513 

.50018 

.48094 

10 10 6 2' <:> 

71275 

.69399 

.67524 

.65648 

.63772 

.62522 

.60021 

.5627 

.52518 

.50018 

.48767 

.46891 

Rate% 

40 

50 

60 

62H 

66 

66^ 

70 

76 

80 

80 


90 


.60 

.50 

.40 

.375 

.35 

.33333 

.30 

.25 

.20 

.15 

.125 

.10 

21^ 

.585 

.4875 

.39 

.36563 

.34125 

.325 

.2925 

.24375 

.195 

.14625 

.12188 

.0975 

6 

.57 

.475 

.38 

.35625 

.3325 

.31667 

.285 

.2375 

.19 

. 1425 

.11875 

.095 

5 212 

55575 

46313 

3705 

.34734 

.32419 

.30875 

.27788 

,23156 

.18525 

.13894 

.11578 

.09263 

6 6 

.5415 

.45125 

.361 

.33844 

.31588 

.30083 

.27075 

.22563 

.1805 

.13538 

.11281 

.09025 

6 6 23^ 

.52796 

43997 

.35198 

.32998 

.30798 

.29331 

.26398 

.21998 

.17599 

.13199 

.10999 

.08799 

7 V 2 

555 

.4625 

37 

.34688 

.32375 

.30833 

2775 

.23125 

.185 

.13875 

.11563 

.0925 

7 V 2 an 

54113 

.45094 

.36075 

.3382 

.31566 

.30063 

.27056 

.22547 

.18038 

.13528 

.11273 

.09019 

73i 6 

.52725 

.43938 

.3515 

.32953 

.30756 

.29292 

.26363 

.21969 

.17575 

.13181 

.10984 

08788 

10 

.54 

.45 

.36 

.3375 

.315 

.3 

.27 

.225 

.18 

.135 

.1125 

.09 

10 2H 

5265 

.43875 

.351 

.32906 

.30713 

.2925 

.26325 

.21938 

.1755 

.13163 

.10969 

.08775 

10 S 

513 

.4275 

.342 

.32063 

.29925 

.285 

.2565 

.21375 

.171 

.12825 

.10688 

.0855 

10 0 2H 

.59018 

.41681 

.33345 

.31261 

.29177 

.27788 

.25009 

.20841 

.16673 

.12504 

.1042 

.08336 

10 734 

.4995 

.41625 

333 

.31219 

.29138 

.2775 

.24975 

.20813 

.1665 

.12488 

.10406 

.08325 

10 10 

.486 

.405 

.324 

.30375 

.2835 

.27 

.243 

.2025 

.162 

.1215 

.10125 

.081 

10 10 6 

.4617 

.38475 

.3078 

.28856 

.26933 

.2565 

.23085 

.19238 

.1539 

.11543 

.09619 

.07695 

10 10 0 2H 

.45016 

.37513 

.30011 

.28135 

.26259 

.25009 

.22508 

.18757 

.15005 

.11254 

.09378 

.07503 


From: Instruction Manual, “Burroughs Typewriter Billing Machine," published by Burroughs Adding 
Machine Company, Detroit, Miciiigan. 
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The decimal equivalent of any combination may be calculated 
by using 100% as the original base, and basing each successive 
discount on the percent left after the preceding discount has been 
deducted and finally deducting the final rate Worn the original 
100%. 


Illustration: What is the decimal equivalent of discount 
series 25, 10, and 5% calculated by the above described method? 


Less 

100% 

25 

Less 10% 

75 ' 

7.5 

Less 5% 

67.5 

3.375 


64.125 


100% less 64.125% = 35.875% (Ans.) 


Interest 

Interest is money paid for the use of money. The sum upon 
which the interest is charged, the base amount owed, is called the 
principal The principal plus the interest is called the amount 
to be paid when the obligation is due. The calculation of interest 
includes not only the percentage element but also a time element. 
Interest is almost always quoted at a given rate per annum (per 
year) as 6% per annum. If a sum of money is used for a full 
year, the calculation is simple; one merely multiplies the principal 
by the rate to find the interest. The interest is then added to the 
principal to get the amount. 
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Illtjstbation; A man borrows $1000 for one year, interest 
to be charged at the rate of 6%. How much interest wiU be due 
at the end of the year? What will be the total amount to be paid? 


Principal. $1000.00 

Interest @ 6% (1000 X 0.06). 60.00 

Total Amount. $1060.00 


Bankers’ Time.—Most interest calculations are not quite that 
simple because funds are not usually used for a year; rather are 
they usually used for a period of days or months, and the interest 
must be calculated for that length of time. In order to simplify 
somewhat this calculation, most business organizations, including 
banks, have adopted the policy of treating the year as if it included 
360 days, 12 months of 30 days each. This is usually called 
bankers’ time. 

Using bankers’ time, one may calculate the interest by multi¬ 
plying the principal by the number of days that the money was 
used over 360; by the rate of interest expressed in the form 
of a fraction. Because of the possibilities for cancelling, this is 
known as the cancellation method of calculating interest. 

Illustration: $2000 is borrowed for 10 days with interest 
at the rate of 6% per annum. How much interest must be paid? 
What amount (principal plus interest) must be paid at the end 
of 10 days: 

$2000 X X x'8 O' “ “ $3.33 Interest 

$2000 plus $3.33 = $2003.33 (Amount) 

60-Day Method.—As suggested previously, most loans are 
made for a relatively short time. Because of this, business has 
evolved a simple technique centered around 60 days for calculating 
interest for short terms. $1000 at interest for one year at the 
rate of 6% per annum would yield $60.00. For 60 days, (one-sixth 
<rf a year = i) the yield would be $10.00, ^ of $60.00. $10.00 
is 1% of $1000 and the same figure could have been determined by 
merely moving the decimal point two places to the left, $10.00. 
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Thus we evolve the rule that: To find interest at six per cent for 
sixty days, move the decimal point two places to the left. 

Illusthation: How much interest must be paid on $1768.47 
for 60 days with interest at the rate of 6%? 

Interest on $1768.47 for 60 days at 6% = $17.6848 or $17.68. 

This was determined merely by moving the decimal point in 
$1768.47 two places to the left, the result l-)eing $17.68.47 

Interest for Other Terms.—Interest for terms other than 60 
days may be calculated by appli-ing the principle of aliquot parts. 
The common aliquot parts of 60 are: 30 (1/2), 20 (]/3), 15 (1/4), 
12 (1/5), 10 (1/6), 6 (1/10), 5 (1/12), 4 (1/15). Interest is first 
determined for 60 days and then the proper fractional part or 
combination of fractional parts is determined. 

Illustkation : $875.00 is borrowed for 30 days with interest 
at the rate of 6% per annum. What is the amount of the interest? 

Interest on $875.00 for 60 days at 6% =$8.75 

30 da}^ equals J of 60 days. 

Interest on $875.00 for 30 days (§ of $8.75) = $4.38 (Ans.) 

Interest at Other Rates.—Quite frequently the rate of interest 
is not 6% but some other rate agreed upon by the parties involved. 
One method of calculating this interest is by applying the principle 
of aliquot parts. The aliquot parts of six are 3 (1/2), 2 (1/3), 
1^ (1/4), 1 (1/6), § (1/12). In calculating interest at a rate other 
than 6%, the interest is first calculated at 6% by the 60-day 
method and then the proper fractional part is determined from that. 

Illustration: $1000 was borrowed for 30 daj^ at 8%. 
What is the amount of the interest? 

Interest on $1000 @ 6% for 60 days = $10.00 

Interest on $1000 @ 6% for 30 days = 5.00 

Interest on $1000 @ 2% (1/3 of 6%) = 1.67 

Interest on $1000 @ 8% = $ 6.67 (Ans.) 
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Interest Tables. —If much of a firm^s business involves interest, 
precomputed tables are used to avoid the necessity of calculating 
the interest for every transaction. Table II shows simple interest 
on amounts from $1.00 to $9.00 for various periods of time and at 
various rates. In using this table to find the interest on a given 
principal at a given rate, one should 

а. Run down the side of the table until he comes to the given 
rate. 

б. If the principal in question is divisible to one figure by 10 or 
a multiple of 10, use the resulting quotient as a basic principal, 
that is, for $900 use 9, for $60 use 6, for $8000 use 8. If the princi¬ 
pal is an odd number use one. 

c. After selecting the basic principal in the correct interest rate 
group, follow along the line to the left until you reach the column 
headed by the number of days or months for which you are com¬ 
puting the interest. 

d. Multiply the figure thus found by the true principal if you 
are using one for a base principal or move the decimal point to 
right the correct number of times if you are using a one-figure 
quotient determined by dividing by 10, or a multiple of 10, 

Illustration: $500 is borrowed for 20 days with interest at 
5%. What amount of interest will have to be paid? 

Using the interest table: 

а. Run down the side of the table to the 5% section. 

б. As $500 divided by 100 equals 5, use $5 as a basic principal. 

c. Following along the $5 line to the 20-day column, it will be 
noted that the interest on $5 at 5% for 20 days equals 0.01388. 

d. Moving the decimal point two places to the right to multiply 
by 100, it will be found that interest on $500 at 5% for 20 days 
equals $1.38. (Ans.) 

Illustration: $463.75 was borrowed for 3 months with inter¬ 
est at 7%. What amount of interest will have to be paid? 
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TABLE II 
Simple Interest 



* Note that all repeatii^ decimals may be extended indefinitely. Thus* 
the interest on $1.00 at 4% for 4 months is given as .O13'^3or 14 cents, 
because the decimal .013^^3 .01333333.hence the interest on $1,000.- 
|000. at the same rate and for the same time, is $13,333,334. Decimals whidi 
are not repeating decimals are exact. 
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Using the interest table: 

a. Run down the side of the table to the 7% se.ction. 

b. As this principal may not be reduced to a single figure by 
dividing by 10 or a multiple of 10, use $1.00 as a basic principle. 

c. Following along the $1.00 line to the 3 months column, it 
win be noted that interest on $1.00 at 7% for 3 months equals 
0.01750. 

d. Multiplying this amount by $463.75, the true principal, it 
will be found that interest on $463.75 at 7% for 3 months equals 
$8.115625 or $8.12. (Ans.) 

If the number of days in a given problem does not appear in 
the table, the amount of interest for various numbers of days 
may be combined; thus, interest for 70 days may be determined 
by adding together the interest for 60 days (2 months) and the 
interest for 10 days. 

Illustration: $5000 was borrowed for 80 days with interest 
at 6%. What amount of interest must be paid when the obligation 
is due? 

Using the interest table: 

a. Run down the side of the table to the 6% section. 

b. Eliminate the zeros by pointing off 3 places and thus adopt 
$5 as the basic principal. 

c Follow along the $5 line to the 2 months (60-day) column 
and note that 

Interest on $5 at 6% = 0.0500 

also that in the 20-day column 

Interest on $5 at 6% = 0.016666 

Therefore Interest on $5 @ 6% for 80 days = 0.066666 

d. Move the decimal point 3 places to the right to multiply 
by 1000, and thus we find that 

Interest on $5000 @ 6% for 80 days *= $66.6600, or $66.67 (Ans.) 

If the number of days does not readily lend itself to such com- 
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binations, it is frequently more simple to find the interest for one 
day and then multiply by the number of days. 

Illustration: $750 was borrowed for 17 days with interest 
@7%. What amoxmt of interest must be paid when the obliga¬ 
tion is due? 

Using the table: 

a. Run down the column to the 7% section. 

b. As the principal cannot Vje reduced to one figure, use $1 as 
the basic principal. 

c. Follow along the $1 line to the 1 day column and note that 

Interest on $1 at 7% for 1 Jay = 0.0001944 
Therefore 

Interest on $1 @ 7% for 15 dajre 
(0.0001944 X 15) = 0.0029160 

d. The interest on $750 at 7% for 15 days equals $750 X 
0.0029160 = $2.187or$2.19 (Ans.) 

It may be noted in the foregoing illustrations in which the inter¬ 
est table was used, the calculations in some instances were rather 
awkward. This is due to the fact that the particular table being 
used is not necessarily the best for all interest computations. 
Firms making use of precomputed interest tables will usually 
have those that best fit their particular needs. 

Legal and Lawful Rates of Interest.—The legal rate of interest 
is the rate that may legally be charged in the absence of any 
definite agreement between the parties. This is particularly true 
of judgments and overdue accounts where interest is to be charged 
but it may also apply in other situations where interest is applicable 
but where no specific rate has been agreed upon. 

The lawful rate (sometime called the contract rate) is the maxi¬ 
mum rate that can be charged when a definite agreement has been 
made. In some states the legal and the lawful rates are the same. 
In other states they vary widely, while in still other states certain 
conditions are attached to the contract rate. The charging of a 
rate of interest above the lawful or contract rate is known as 
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usur}''/^ which in some states is a crime, in others a misdemeanor. 
In either case, it is punishable by a variety of penalties. New York 
and Maryland do not permit corporations to plead “usury'' as a 
defense. 

Personal Finance.—It is thought that the usury laws are 
sometimes circumvented by finance organizations, particularly 
those financing installment sales, making what seem to be excessive 
service charges. In addition to the practice of charging a rea¬ 
sonably high rate of interest with or without an additional service 
charge, most finance companies get more interest than they should 
by charging the customer interest for the full term of the contract 
(usually a year) and requiring him to make monthly payments. 

Illustration: A purchase is made of furniture totalling 
$580.50. The agreement is that one-third of the total is to be paid 
at the time of purchase and the remainder is to be paid off in 
monthly installments. The rate on the unpaid balance is 8% 
and it is to be handled by a finance company. One-third ol 
$580.50 ($193.50) was paid when the contract was executed, leaving 
a balance of $387.00 to be paid in monthly installments. How 
much must be paid monthly? 

Naturally, it would seem that the customer should have to pay 

of $387 ($32.25) plus accrued interest each month for the year. 
This would work out as follows: 



Principal 


Interest 



Ist 

$32.26 

+ 

$0.22 

= 

$32.47 

2nd 

32.26 

+ 

0.43 

ss 

32.68 

3rd 

32.26 

+ 

0.66 

= 

32.90 

4th 

32.26 

+ 

0.86 


33.11 

5th 

32.26 

+ 

1.08 

= 

33.33 

«th 

32.26 

+ 

1.29 

=S 

33.64 

7th 

32.26 

+ 

1.61 

= 

33.76 

8th 

32.26 

+ 

1.72 

= 

33.97 

9th 

32.26 

+ 

1.94 


34.19 

10th 

32.26 

+ 

2.16 

= 

34.40 

nth 

32.26 

+ 

2.37 

ss 

34.62 

12th 

32.26 

+ 

2.68 


34.83 


$387.00 $16.80 


$403.80 
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But that is not the way it actually is done. Instead of calculating 
the interest for each month as shown above, a flat 8% is calculated 
on the entire unpaid balance. 

8% of $387 = $30.96 = Total Interest 

$387 -j- $30.96 = $417.96 (Total amount to V>e paid) 

$417.96 12 = $34.83 (Monthly payment) 

For the convenience of the customer as well as the finance 
company, the monthly payment is usually adjusted so that the 
odd cents are paid in one month and only even dollars are paid 
during the other months. In this case the monthly payments 
would probably be planned as follows: 


Amount payable at the end of first month. $34.96 

Amount payable at the end of each of the next 9 months. 35.(X) 

Amount payable at the end of each of the hist 2 months. .. 34.00 


By this method, quite obviously the customer pays interest 
for a full year on all of the unpaid balance, even though he pays 
part of it each month. In dollars and cents, it means that the 
finance company gets $30.96 interest instead of $16.80 which is the 
actual interest for this amount providing it is calculated and paid 
as it accrues and that payments are made on time. This practice 
is protected by calling the charge on the written contract a service 
charge, and is apparently perfectly legal in several states. 

Small Loans.—Several states, aside from the regular legal and 
contract rates, provide by law for a special interest rate that may 
be charged on small loans; that is, on loans of $300.00 or less. The 
rate in New Jersey is 2|% per month, the rate in Maryland is 3|% 
per month. It varies in other states. Usually these places permit 
amounts borrowed to be repaid in 20 monthly payments. Inter¬ 
est is charged on unpaid balances at whatever rate the law allows. 

Illustration: A man borrows $200.00 from a small loan 
company and agreed to pay $10.00 each month plus interest on 
unpaid balances at the rate of 21% per month. How much must 
be paid each month? What is the total amount he will have paid 
to the loan company at the end of 20 months, assuming that he 
makes his monthly payments on time? 
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Ini. on j 

Bal. 


Pay. on Prin. 

Total Payment 

1st Payment 

$200 

® 

2i%, 

$5.00 

4” 

$10.00 

$15.00 

2nd Payment 

190 

@ 

2i%, 

4.75 

+ 

10.00 

-14.75 

3rd Payment 

180 

@ 

2i%, 

4.50 

+ 

10.00 

14.50 

4th Payment 

170 

@ 

24%, 

4.25 

+ 

10.00 

14.25 

5th Payment 

160 

@ 

24%, 

4.00 

+ 

10.00 

14.00 

6th Payment 

150 

@ 

24%, 

3.75 

+ 

10.00 

13.75 

7th Payment 

140 

@ 

24%, 

3.50 

+ 

10.00 

13.50 

8th Payment 

130 

@ 

24%, 

3.25 

+ 

10.00 

13.25 

9th Pajrment 

120 

@ 

24%, 

3.00 

+ 

10.00 

13.00 

10th Pa3mient 

110 

@ 

24%, 

2.75 

+ 

10.00 

12.75 

11th Payment 

100 

@ 

24%, 

2.50 

4r 

10.00 

12.50 

12th Payment 

90 

@ 

24%, 

2.25 

+ 

10.00 

12.25 

13th Payment 

80 

@ 

24%, 

2.00 

+ 

10.00 

12.00 

14th Payment 

70 

@ 

24%, 

1.75 


10.00 

11.75 

15th Payment 

60 

@ 

24%, 

1.50 

-h 

10.00 

11.50 

16th Payment 

50 

@ 

24%, 

1.25 

+ 

10.00 

11.25 

17th Payment 

40 

@ 

24%, 

1.00 

+ 

10.00 

11.00 

18th Pa3rment 

30 

@ 

24%, 

0.75 

+ 

10.00 

10.75 

19th Payment 

20 

@ 

24%, 

0.50 

+ 

10.00 

10.50 

20th Payment 

10 

@ 

24%, 

0.25 


10.00 

10.25 


Totals,.. $52.50 

$200.00 

$252.50 Amt. 


Partial Payments,—A partial payment is obviously an amount 
paid that is not sufficient to liquidate an indebtedness. The 
finance plan for financing installment sales and the small loan 
payments already discussed are merely partial payment plans 
that apply in personal financing. Where business organizations 
borrow and make partial payments, other methods are applied. 
When such partial payments are made on interest-bearing items, 
a problem arises as to the amount due at the time of final settle¬ 
ment. There are two rules that are commonly followed: (1) the 
Merchants' JBwte, and (2) the United States Rule. 

Merchants’ Rule.—Under this rule interest is charged on the 
principal for the full time and is credited on the payments from 
the date of each payment to the date of final payment. The inter¬ 
est on the principal less the interest credited on the periodic pay¬ 
ments equals the interest charged. 

Illustration: On May 1, a man borrowed $5000 to be paid 
back at the rate of $1000 each month. The interest rate is 6%. 
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He pays $1000 on the first of June, July, August, and September. 
Applying the Merchants’ Rule, how much must be paid on October 
1 to settle the account? 

« 

Interest on $5000 for 5 months, May 1 to Oct. 1, @ 6% = $125.00 

Interest credited as follows: 

On $1000 for 4 months (from June 1 to Oct. 1) $20.00 

On $1000 for 3 months (from July 1 to Oct. 1) @ 6%, 15.00 

On $1000 for 2 months (from Aug. 1 to Oct. 1) @ 6%, 10.00 

On $1000 for 1 month (from Sept. 1 to Oct. 1) (4' 6Vo» 5.00 


Total interest credit. 60.00 

Interest due October 1. 75.00 

Unpaid principal October 1. i000.00 


$1075.00 

United States Rule.—Under this rule, all interest accrued on 
the unpaid balance is deducted from the payment before the re¬ 
mainder is deducted from the principal or that part of the principal 
that is still unpaid at the time payment was made. 

Illustration: Applying the United States Rule to the prob¬ 
lem cited in the Illustration under Merchants^ Rule, how much 
would the man have to pay on October 1 to settle his account: 


Original Principal... $5000.00 

Payment on June 1. $1000.00 

Less int. on $5000 @ 6% for 1 mo. 25.00 975.00 

4025.00 

Payment on July 1. . $1000.00 

Less int. on $4025 @ 6% for 1 mo. 20.13 979.87 

3046.13 

Payment on August 1. $1000.00 

less int. on $3045.13 @ 6% for 1 mo. 15 23 984.77 

2060.36 

Payment on September 1. $1000.00 

Less int. on $2060.36 @ 6% for 1 mo. 10.30 989.70 

1070.66 

Interest on $1070.66 @ 6% for 1 mo. 5.35 


Amount due October 1 


$1076.01 
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New Note Method.—Some banks in handling this problem 
avoid some of the involved calculation by having the debtor pay 
his thousand dollars each month plus accrued merest and give 
a new note for the balance. This greatly simplifies the problem 
for both the bank and the borrower. 


Illustration: Using the same problem, find the amount to 
be paid and the amount of the new note to be given at the end of 
each month. 


AmourU 




Principal 

Interest Paid 

New Note 

May 1. 

Borrowed 

$5000 



June 1. 

Paid 

1000 + $25.00 = $1025 

$4000 

July 1. 

Paid 

1000 -f 

20.00 = 1020 

3000 

August 1. 

Paid 

1000 + 

15.00 = 1015 

2000 

September 1. 

Paid 

1000 + 

10.00 = 1010 

1000 

October 1. 

Paid 

1000 + 

5.00 = 1005 

0 


Total Interest. $75.00 


Series of Notes.—Still another method of handling this matter 
is by having the borrower make out five $1000 notes bearing inter¬ 
est at 6%, one due each month. This procedure is even more 
simple than the new note plan. 


Illustbation; Still using the same problem, assume that the 
borrower of the $5000 was asked to make out a series of five $1000 
notes each bearing interest at 6%. How much must be paid 
when each note is due? 


Interest AmourU 

May 1. Borrowed $5000 

Junel. Paid 1000 $5.00 $1005 

Julyl. Paid 1000 10.00 1010 

August 1. Paid 1000 15.00 1015 

September 1. Paid 1000 20.00 1020 

October 1. Paid 1000 25.00 1025 


$75.00 $1075 
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Relative Merits. —There is relatively little difference among 
the four methods treated. The United States Method gives a 
slightly larger interest return to the lender than does the Mer¬ 
chants' Method; in the problem used to illustrate these various 
methods, this difference amounted to $1.01. Because of this, the 
United States Method is usually used where largo sums are in¬ 
volved. In considering the relative merits of the new note and 
rhe series of notes plans, it should be noted that while the interest 
paid under the two methods is $75.00 in each case, the same as 
under the Merchants' Rule, if one considers the present worth of 
the interest in relation to the iinai due date of the obligation, one 
perceives that the ^'series of notes" plan tends in the directiou of 
the Merchants' Rule, while the New Note Method plan approxi¬ 
mately equals the United States Rule. 

Negotiable Instruments.—Because interest is so closely asso¬ 
ciated with certain negotiable instruments, it seems advisable 
to give them some brief attention at this point. A negotiable 
instrument is usually defined as being an instrument the legal title 
of which may be passed from one party to another by endorsement 
and delivery or merely by delivery. According to the New York 
Negotiable Instruments Law which is standard, basic factors that 
make a business paper negotiable are: (1) It must be in writing 
signed by the one who is to pay, (2) It must contain an uncondi¬ 
tional promise or order to pay a certain sum in money, (3) It must 
be payable on demand or at a fixed or determinable future time, 
(4) It must be payable to order or to bearer, (5) Where the instru¬ 
ment is addressed to a drawee, he must be named or otherwise 
indicated therein with reasonable certainty. 

Negotiable Instruments differ from other contracts in two 
rather vital respects: (1) as to quality of the title, and (2) as to 
consideration. When a person receives title to a negotiable instru¬ 
ment in the absence of any knowledge of any infirmity in the title 
of the person delivering that title to him, he receives a good valid 
title. In ordinary contracts, the title passes by assignment and 
the assignee becomes subject to all the defenses that may exist 
between the original parties. 



866 HANDBOOK OF APPLIED MATHEMATICS 


All contracts must have consideration, but in the case of 
negotiable instruments this quality is conclusively presumed be¬ 
tween all others than the original parties. 



Fig. 3.—Check 


Instruments of Exchange.—Broadly speaking, negotiable in¬ 
struments fall into two classifications: (1) Instruments of Ex¬ 
change, and (2) Instruments of Credit. An instrument of exchange 



Fig. 4.—^Travelers' Check 


is an unconditional order in writing to pay to the order of a speci¬ 
fied person or to bearer a certain sum of money. An instrument 
of exchange is used to transfer money without actually exchanging 
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the cash, and bears no interest. The most commonly used nego¬ 
tiable instruments that fall into this category are: (1) check, (2) 
cashier’s check, (3) certified check, (4) bank draft, (5) Post OflSce 
money order, (6) Express money order, and (7)‘travelers’ check. 

Instruments of Credit. —This type of instniment may be 
defined as being an agreement to pay at a later date a fixed sum 
of money to the order of a specified person or to bearer. It must 
be in writing and must be signed by the person who is to pay. 
This type of instrument is used in connection with various types 
of deferred payments and frequently, although not always, bears 



Fig. 5.—Promissory Note 

interest. The most commonly used negotiable instruments that 
fall in this category are: (1) promissory notes, (2) commercial 
drafts, (3) trade acceptances, and (4) bonds. Interest on notes 
and other forms of negotiable instruments that bear interest is 
calculated the same as any ordinary interest, usually by using the 
60-day method or by using an interest table. 

Illustration: On August 15, $2500 is borrowed on a 90-day 
note bearing interest at 6%. What amount must be paid when 


the note is due: 

Principal (Face of the Note).$2500.00 

Interest on $2500 @ 6% for 60 days. $25.00 

Interest on $2500 @ 6% for 30 days. 12.50 

90 37.50 


Total Amount to be Paid when Note is Due. $2537.50 (Ans.) 
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Bank Discount.—Promissory notes and other forms of instru¬ 
ments of exchange are used in connection with credit operations 
(1) between merchandising and industrial organizations as well 
as between persons, (2) between such individuals and business 
organizations and banks. If a person or firm receives a note, 
draft, or trade acceptance from another, he may hold it until it 
is due and then collect the face plus the interest if it happened 
to be an interest-bearing draft. If, however, he would like to have 
the money before it is due he may take it to the bank and receive 
an amount equal to its present value. This is known as dis¬ 
counting the paper at the bank. 

Discounting a Non-Interest-Bearing Note ,—The process of bank 
discount involves five steps (1) determining the value of the paper 
at maturity (when it is due), (2) determining the date of maturity, 

(3) counting the exact number of days between the day that the 
paper is taken over by the bank (called the day of discount) and 
the date of maturity. This is known as the term of discount. 

(4) Calculating the discount (really interest) for the term of dis¬ 
count based on the value at maturity, (5) determining the Net 
Proceeds by deducting the discount from the value at maturity. 

lUiUSTRATiON: On May 2, Harold Jones receives a 60-day 
non-interest-bearing note for $750 from one of his customers. 
He holds it until May 17 and then takes it to the bank and dis¬ 
counts it. Thje rate of discount at the bank is 6%. What is the 
net proceeds? 

The five steps are as follows: 

(1) Value at Maturity. In the case of a non-interest-bearing 
note, only the face of the note is due at maturity. In this case, 
the value at maturity is $750. 

(2) Date of Maturity is the due date of the note. This note 
is due 60 days after May 2. There are 29 more days in May. 
Twenty-nine plus 30, in June, makes 59. Fifty-nine plus one in 
July makes 60. Therefore, the date of maturity is July 1. It 
miglit be noted here that when a note reads days, days are counted, 
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if it reads months, months are counted. If this had read ^"^two 
months’’ the due date would be two months after May 2, or 
July 2. As it read 60 days, the due date is July 1. 

(3) Term of Discount is unexpired time,‘the exact number 
of days between the date of discount and the date of maturity. 
As this note was discounted on May 17, there are 14 more days 
in May, 30 in June, and one in July, a i.>tal of 45 days. This 
could have been readily ascertained by consulting Tibbie III, a 
table for finding the number of days between flates. 

TABLE 3 

For Finding Number of Days Between Any Two Dates in Two 
Consecutive Years.* 


First Year. 


Second Year. 
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(4) Discount is really interest based on the value at maturity 
for the terms of discount. Bank discount is calculated precisely 


the same as is interest: 

Interest on $760 @ 6% for 60 days. $7.50 

Interest on $760 @ 6% for 15 days. 1.875 

Interest on $750 @ 6% for 45 days.$5.625 or $5.63 


(5) Net Proceeds is the amount due after the discount has been 
deducted from the value at maturity. In this case, $750 less $5.63, 
or $744.37 (Ans.) 

Discounting an Interest-Bearing Note ,—^The only difference 
between discounting an interest-bearing note and a non-interest 
bearing note is in the value at maturity. In a non-interest bearing 
note, the value at maturity is face only, in an interest bearing 
note the value at maturity is the face plus interest for the full life 
of the note. 

Illustration: On April 15, the Jones Manufacturing Com¬ 
pany received a 90-day note from one of its customers. The note 
was for $1200 with interest at 6%. On May 1, the Jones Com¬ 
pany discounted it at the bank. AVhat is the Net Proceeds? 

The five steps are as follows: 

1. Value at Maturity: Interest on $1200 for 90 days is $18.00. 
The value at maturity is $1200 plus $18.00, $1218.00. 

2. Date of maturity: 


April 

15 more days 

May 

31 more days 

June 30 

30 more days 


n 

July 

14 due date 


90 
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3. Terms of discount: 

By actual count 
May 1 -31 30 days 
June 30 

July 14 

74 days 

By using Table III 
July 14 195 

May 1 121 

74 days 

4. Discount: 

Interest on $1218 @ 6% for 60 days_$12.18 

Interest on $1218 @ 6% for 12 days. ... 2.436 

Interest on $1218 @ 6% for 2 days.406 


5. Proceeds: 


$15,022 - $15.02 


Value at maturity. $1218.00 

Less Discount. 15.02 


Net Proceeds. $1202.98 (Ans.) 


Exact Interest. —Various financial organizations when dealing 
with each other and governments as a general rule use the exact 
or “accurate^' method of calculating interest. In this method the 
365 day year (in leap year 366) is used as the time basis rather 
than the 360-day year so-called bankers^ time. When large finan-. 
cial transactions are involved, the slight five- or six-day inaccuracy 
of bankers’ time makes a decided difference. The amount of 
interest is determined by finding the exact number of days that 
the obligation remained unpaid and then multipl 3 dng the principal 
by the exact number of days over 365 by the rate of interest ex¬ 
pressed in fractional form. Cancellation may be applied if pos¬ 
sible. 
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Illustration: The state and county taxes of the City of 
Willbum amounting to $347,689 were due and payable on June 30. 
The city was unable to meet this obligation until October 1, at 
which time payment was made in full, plus accrued interest at the 
rate of 6%. Find: (a) the amount of exact interest on the 
obligation; (6) the amount of interest if it were calculated on the 
basis of bankers' time (360-day year); (c) which is greater, and 
by how much: 

(a) The obligation was due June 30 and paid October 1. Using 
Table III it may be noted that the exact time between these two 
dates is 

October 1 274 
June 30 181 

93 days 

The exact interest equals 

93 6 

$347,689 X—X— = $5315.36 (Ans.) 

000 lOU 

(b) If bankers' time had been used, this would have been cal¬ 
culated as follows: 


Interest @ 6% for 60 days. $3476.89 

Interest @ 6% for 30 days. 1738.445 

Interest @ 6% for 3 days. 173.8445 


$5389.1795 = $5389. x8 (Ans.) 

(c) The difference in the interest figured by the two methods 
equals: 

Interest calculated on Bankers’ Time. $5389.18 


Interest calculated on Exact Time. 5315.36 

Interest calculated on the basis of Bankers’ 

Time greater than interest calculated on basis 

of Exact Time by. $73.82 (Ans.) 
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Compound Interest. —Interest that is earned on other interest 
earned in previous periods and added to the principal is called 
compound interest. Interest may be compounded annuallyi 
semi-annually, quarterly, or at even more freqhent intervals. 

Illustration : A man deposits $500 on January 2, 1935, in a 
savings bank which pays interest at the rate of 4% per annum, 
compounded quarterly. Assume that the quarters correspond 
with the calendar year and that interest is credited to accounts 
as of March 31, June 30, September 30, and December 31. If the 
account was allowed to stand for two years, how much would be 
on deposit at the end of that tioie? This would work out as 
follows: 


January 1, 1935, Deposit... 

Principal 
.. $500.00 

Interest 

Amount 

March 31, 1936. 

.. 500.00 

$5.00 

$505.00 

June 30, 1935. 

.. 505.00 

5.05 

510.05 

September 30, 1935. 

.. 510.05 

5.10 

515.15 

December 31, 1935. 

.. 515.15 

5.15 

520.30 

March 31, 1936. 

.. 520.30 

5.20 

525.50 

June 30, 1936. 

.. 525.50 

5.25 

530.75 

September 30, 1936. 

.. 530.75 

5.30 

536.05 

December 31, 1936. 

.. 536.05 

5.36 

541.41 (Ans.) 


Compound interest earned over period of two years equals $41.41. 

Pre-com/puting Compound Interest —At times, an individual is 
interested for one reason or another in knowing how much a 
given sum of money might build up to if left at interest for a period 
of years. This may be calculated by 


(1) Adding the interest rate per interest period to $1.00 and 
multiplying this by itself as many times as there are interest 
periods in the whole term of years. 

(2) Multiplying this product by the amount to be deposited 
in the first place, the original principal, to ascertain the new 
amount. Because such problems usually involve a large number 
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of interest periods, compound interest tables are generally used. 
Such tables give the amount that $1.00 will amount to at com¬ 
pound interest for any given number of periods at various periodic 
rates. Table IV is a compound interest table. To use it, deter¬ 
mine the number of interest periods, (o) follow down the left col- 
unm until that figure is reached, (b) follow the line across to the 
column headed by the periodic rate, (c) multiply the number thus 
determined by the principal. 

Illustration: A man deposits $1200 in a bank which pays 
interest at the rate of 4% per annum compounded semi-annually. 
If the deposit is allowed to remain in the bank, how much will 
have accumulated at the end of 15 years? 

(а) If interest is paid semi-annually at the rate of 4% per 
aimum, the semi-annual rate or periodic rate is 2%. 

(б) If interest is paid semi-annually, there are two interest 
periods per year. In fifteen years, there are thirty interest periods. 

(c) Turning to Table IV, it will be noted that interest on 
$1.00 compounded for 30 periods at 2% = 1.81134. 

(d) Principal $1200.00 

X 1.81134 

$2173.60800 = $2173.61 (Ans.) 

Calculated by Logarithms .—Compound interest may also be 
computed by using logarithms. This method is frequently used 
when compound interest tables are not available or when the 
periodic interest rate is now shown in tables that are available. 

The formula followed when using logarithms is: 

Sum = Amount Deposited X (1 + periodic interest rate) 
number of periods 

That is: S = x(l + if 



TABLE 4 

Compound Interest Table 

A.inount of SI Bt compound interest for periods 1 to 50 at various Aperiodic 

rates. 




2 % 

3 % 


4 % 

4 i % 

5 % 

6 % 

1.02000 

1.03000 

1.03500 

1.04000 

1.04500 

1.05000 

}.06000 

1.04040 

1.06090 

1.07123 

1.08160 

1.09203 

1.10250 

1.12360 

1.06121 

1.09273 

1.10872 

1.12486 

1.14117 

1.15763 

1.19102 

1.08243 

1.12551 

1.14752 

1.16986 

1 . J 9252 

1.21551 

1.26248 

1.10408 

1.15927 

1.18769 

1.21665 

1.24618 

1.27628 

1.33823 

1.12616 

1.19405 

1.22926 

1.26532 

1.30226 

1.34010 

1.41852 

1.14869 

1.22987 

1.27228 

1.31593 

1 . 36 U 86 

i . 40710 

1.50363 

1.17166 

1.26677 

1.31681 

1.36857 

1.42210 

1.47746 

1.59335 

1.19509 

1.30477 

1.36290 

1.42331 

1.48610 

1 . 551 ?? 

1.68948 

1.21899 

1.34392 

1.41060 

1.48024 

1.55297 

1.62889 

1.79085 

1.24337 

1.38423 

1.45997 

1.53945 

1.62285 

1.71034 

1.89830 

1.26824 

1.42576 

1.51107 

1.60103 

1 . G 9588 

1.79586 

2.01220 

1.29361 

1.46853 

1.56396 

1.66507 

1.77220 

1 88565 

2.13293 

1.31948 

1.51259 

1.61870 

1.73163 

1.85194 

1.97993 

2..2 6090 

1.34587 

1.55797 

1.67535 

1.80094 

1.93528 

2.07893 

2.39656 

1.37279 

1.60471 

1.73399 

1.87298 

2.02237 

2.18237 

2.54035 

1.40024 

1.65285 

1 . 794 G 8 

1.94790 

2.11338 

2 . 292 U 2 

2.69277 

1.42825 

1.70243 

1.85749 

2.02582 

2.20948 

2.40662 

2.85434 

1.45681 

1.75351 

1.92250 

2.10685 

2.30786 

2.52695 

3.02560 

1.48595 

1.80611 

1.98979 

2.19112 

2.41171 

2.65330 

3.20714 

1.51567 

1.86029 

2.05943 

2.27876 

2.52024 

2.78596 

3.39957 

1.54598 

1.91610 

2.13151 

2.36991 

2.63365 

2.92523 

3.60354 

1.57690 

1.97358 

2.20611 

2.46471 

2.75217 

3.07152 

3.81976 

1.60844 

2,03279 

2.28332 

2.56330 

2.87602 

3.22510 

4.04894 

1.64061 

2.09378 

2 . 3 G 324 

2.66583 

3.00544 

3.38635 

4.29188 

1.67342 

2.15659 

2.44595 

2.77246 

3.14068 i 

3.55567 

4.54939 

1.70689 

2.22129 

2.53156 

2.88336 

3.28201 

3.73346 

4.82224 

1.74103 

2.28792 1 

2.62016 

2.99870 

3.42970 ! 

3.92013 

5.11170 

1.77585 

2.35656 

2.71187 

3.11864 

3.58406 

4.11614 

5.41840 

1.81134 

2.42726 

2.80672 

3.24339 

3.74532 1 

4.33194 

5.74351 

1.84759 

2.50008 

2.90501 

3.37312 

3.91386 

4.53804 

6.08812 

1.88454 

2.57508 

3.00670 

3.50805 

4.08998 

4.76494 

6.45340 

1.92224 

2.65233 ; 

3.11193 

3.64837 

4.27403 

5.00319 

6.84061 

1.96068 

2.73190 

3.22085 

3.79430 

4.46637 

5.25335 

7.25115 

1.99989 

2.81386 

3.33358 

3.94608 

4.66735 

5.51600 

7.68611 

2.03989 

2.89827 

3.45025 

4.10392 

4.87738 

5.79182 

8.14728 

2.08069 

2.98518 

3,57101 

4.26806 

5.09686 

6.08141 

8.63611 

2.12230 

3.07478 

3.69599 

4.43880 

5.32618 

6.38548 

9 . 15428 * 

2.16475 

3.16702 

3.82535 

4.61635 

5.56590 

6.70475 

9.70354 

2.20801 

3.26203 

3.95924 

4.80100 

5.81637 

7.03999 

10.2855 

2.25221 

3.35989 

4.09781 

4.99306 

6.07811 

7.39199 

10.9029 

2.29725 

3.46069 

4.24124 

6.19276 

6.35162 

7.76159 

11.5571 

2.34320 

3.56451 

4.38968 

5.40047 

6.63744 

8.14967 

12.2505 

2.39006 

3.67144 

4.54332 

5.61649 

6.93613 

8.55715 

12.9855 

2.43786 

3.78159 

4.70233 j 

5.84115 

7.24826 

8.98504 

13.7647 

2.48662 

3.89503 

4.86692 

6.07480 

7.57443 

9.43426 

14.5906 

2.53635 

4.01188 

5.03726 

6.31779 

7.91528 

9.90597 

15.4660 

2.58708 

4.13224 { 

5.21356 

6.57050 

8.27146 

10.4013 

16.3939 

2.63682 

4.25621 

5.39604 

6.83330 

8.64368 

10.9213 

17.3776 

2.69160 

4.38389 

5.58491 

7.10665 

9.03265 1 

11.4674 

18.4202 


8.14513 

8.71529 

9.32536 

9.97813 

10.6766 


* Periods may be annual, semi-annual or quarterly, etc. Perio^c rates 
are proportioned to the length of the period. Thus, 4% annual - 2% semi* 
annual rate. 
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Illustration: $642.80 was to be left on deposit for 12 3rear8 
at a bank paying interest at the rate of 3^% copipounded semi¬ 
annually. What amount will be on deposit at the end of 12 years? 

Interest for 12 years at 3^% compounded semi-annually 
means that there will be 24 interest periods at the rate of If % per 
period; therefore, the amount at maturity (S) will be 

6’ = 642.80 X (1.0175)24 = log 642.80 + 24 X log 1.0175 
log 642.80 = 3.808076 log 1.0175 = 0.007535 

12 log 1.0175 = 0.180840 X 24 

log <S = 3.988916 0.030140 

0.015070 


S = $974.80 (Ana.) 0.180840 

Interest on Bank Deposits.—It should be noted that there 
probably would be a slight discrepancy between the amount as 
worked out in the preceding solution and the amount as built up 
by the bank over the years. This would be due to the fact that 
banks usually ignore cents in the principal in calculating the inter¬ 
est at the end of each period. 

Some other factors pertaining to interest in bank deposits that 
might be noted here are: 

(1) While most interest is earned in savings accounts only, 
some banks pay interest on checking accounts. This practice 
varies widely, it usually being paid only when a reasonably good 
daily balance is maintained var 3 dng in different banka from $500 
to $5000. The rate is usually 2% per annum. 

(2) Savings banks usually have rules whereby money deposited 
on or before a specified day in the month, as the 5th or 10th, shall 
draw interest from the firat of the month. Deposits made after 
that date will draw interest from the first of the following month. 

(3) Money usually has to be on deposit for a minimum of 
three months before any interest is credited. If withdrawals are 
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made during an interest period, the withdrawal is usually deducted 
from money on deposit at the beginning of the period, and no 
interest is paid on such funds. 

I 

Illustration: A man withdraws $1000 from a savings ac¬ 
count 15 days belore the end of the interest period. Hov/ much 
interest docs he lose? 

He loses all interest accrued on this sum for 2^ months—about 
$8.33 if the rate is 4% per annum compounded quarterly. 

This and various other restrictive rales tend to reduce the 
actual rate of interest paid, especially if one makes deposits and 
withdrawals with any degree of frequency. 

Some circumvent the above loss of interest by borrowing from 
the bank, using the savings account for security for the time that 
must elapse between the day the money is needed and the day the 
interest is due to be credited. 

Illustration: If the man mentioned in the previous illustra¬ 
tion had followed this practice, how much of his interest would he 
have saved? 

Interest on $1000 @ 1% for 3 months.... $10.00 


Interest on $1000 @ 6% for 16 days. 2.50 

Net interest saved. $7.50 (Ans.) 


Service Charges.—Many banks now make a charge for servic¬ 
ing checking accounts when an adequate balance is not maintained 
by the depositor. Here again practice varies in different banks, 
the balance to be maintained varying from $50 to $500 and the 
service charge ranging from 50^ to $2.00. Some banks charge so 
much a check. Others permit the depositor to draw a minimum 
number of checks without making a charge, while still others use 
combinations of these various conditions. 
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Promt and Loss 

Almost all business is organized for the purpose of making 
a profit. The profit (or the loss) for a fiscal period is usually 
shown in a statement prepared by the bookkeeper or accountant 
which is known as a Profit and Loss Statement. While the form 
of this statement will vary somewhat in terms of the specific busi¬ 
ness for which it is drawn up, it will fundamentally include sections 
which will set forth some analysis of (1) operating income, (2) oper¬ 
ating costs, (3) non-operating income, and (4) non-operating cost. 
The net result of the statement will be the net profit for the period 
in question. It might be weU to point out that the terms “in¬ 
come,” “profit,” “revenue,” and “earnings” are used more or 
less synonymously by accountants in the preparation of profit and 
loss statements and that the term “fiscal period” means a financial 
period of any length of time. A few firms prefer to calculate 
their profit every week. Many calculate it once a month. Some 
use an arbitrarily adopted financial period of 4 or 5 weeks. Others 
use a fiscal period of 2 months, 3 months, 6 months, or a year. 

Frequency in calculating profits or losses is a great aid to proper 
management. As a basic rule, profits or losses should be calculated 
as frequently as is commensurate with the value of such calcula¬ 
tions to the management with due consideration given to the cost 
involved. In addition to having profits and losses calculated at 
frequent intervals, most firms have a definite summary of their 
financial affairs prepared at the end of their fiscal year and on the 
basis of this report they pay income taxes, divide profits, and make 
plans for the future. The fiscal year is a twelve-month period 
and may or may not coincide with the calendar year. Because 
of income tax and other reports that must be made, many firms 
have their fiscal year coincide with the calender year, but many 
others prefer to have the fiscal year end at a dull season when 
final inventory and other work necessary at the close of a fiscal 
year may be performed with the least possible disturbance to the 
business. The following is a profit and loss statement of a retail 
grocery store for the month ending January 31,19—. 



EDWIN S. HELLER 

Profit and Loss Statement for Period Extending from January 1 to 

January 31, 19— 

Income from Sales— 

Sales.$24,276.60 

Less Returns & Allowances. 341.26 $23,935.26 

Cost of Goods Sold— * 

Mdse Inventory Jan. 1. $6,842.67 

Purchases.$18,482.20 

Less Ret. & All.. 331,6! 

Frgt. & Cartage In. 18,1.50.69 

Less Inventory Jan. 31. 141.17 $26,144.43 

- 6,497.60 

Net Cost of Goods Sold. 18,646.83 


Gross Profit. 

Operating Expenses— 


Selling Expenses— 

Salaries of Sales Force. $1,575.00 

Advertising. 360.00 

Store Supplies. 175.65 

Rent of Store. 400.00 

Delivery Expenses. 640.75 

Insurance on Stock. 45.15 

Taxes. 15.65 

Light, Heat & Power. 75.20 

Repairs to Store Equipment.. 41.20 

Depr, on Store Equipment— 27.49 

Depr. on Delivery Equipment. 18.20 

Total Selling Expenses.$3,374.29 

General Administrative Expenses— 

Management & Off. Salaries.... 526.00 

Office Supplies & Postage. 162.50 

Rent of Office. 100.00 

Depr. on Office Equipment. 15.20 

Total Adm. Exp. 802.70 


Total Operating Expenses 


Add: Other Income: 

Discount on Purchases. $201.76 

Interest on Notes Receivable. 22.16 

Interest on Bank Deposits. 20 


Total Extraneous Income 
Total Income. 


$5,288.42 


4,176.99 

$1,111.43 


238.12 

$1,349.55 


Deduct: Other Costs: 

Discount on Sales. 

Interest on Notes Payable. 

Total Extraneous Cost 
Net Profit. 


$321.60 

41.16 

. 362.76 

. $986.79 
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Percentage of Profit —^When talking about the percentage of 
profit^ one must be sure to know what is being used as a base. 
If a man buys an article for $100 and sells it for $150, it is obvious 
that he made a profit of $50, but what was the percentage of 
profit? There is much controversy as to what should be used 
as the base, the cost or the selling price. If we use the cost, $100, 
we would immediately determine that the rate of profit was 50% 
If we use the selling price as a base, we then would find 
that the rate of profit is 33^ (^\). Technically, the use of the 
selling price as basis for calculating profits is not correct because 
the selling price includes profit which will cause the base to vary. 
On the other hand, however, the selling price as above affords the 
business man an opportunity to calculate not only gross and net 
profits, but also many other relationships on the same base. 

Illustration: The Profit and Loss Statement of the business 
of Edwin S. Heller is shown above, (a) What percent of the sales 
represents Net Profit? (b) Cost of Goods Sold? (c) Gross 
Profit? (d) Operating expense? (e) Operating Profit? (/) Non- 
Operating Income? (g) Non-Operating Cost? 

Each of these percentages will be determined by using the net 
sales as a base (letting it equal 100%) and di\’iding it into the item 
in question. Thus the percent of (a) net profit based on the sales 
equals 

$986.79 $23,935.25 = 4.12% (Ans.) 

All the other percentages in question are determined in the 
same way. Thus we find that 

(6) Cost of Goods Sold equals 77.91% of sales ($18,646.83 $23,935.25) 

(e) Gross Profit equals 22.09% of sales ( 5,288.42-7- 23,935.25) 

(d) Operating Expense equals 17.45% of sales ( 4,176.99 23,935.25) 

(e) Gyrating Profit equals 4,64% of sales ( 1,111.43 23,935.25) 

(/) Non-operating Income equals 0.99% of sales ( 238.12-i- 23,935.25) 

(g) Non-operating Cost equals 1.52% of sales ( 362.76 ^ 23,935.25) 

Price Fixing. —In determining the price at which a commodity 
may be sold, the business man must keep in mind the cost to pro* 
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duce or procure that commodity, the cost of doing business, and 
a fair margin of profit. 

Experience will usually show a man approximately what these 
percentages are and he may guide himself accordingly. If he 
finds that, for example, of every dollar of sales must be used 
to pay the running expenses of the business and that of every 
dollar of sales must be used to give him a fair return on his invest¬ 
ment, he knows that 30?f of every sales dollar must represent gross 
profit. He, therefore, in setting his selling price will let the cost 
of the article represent 70% of his selling price. 

Illustkation: A shoe retailer can buy shoes at $2.45 per pair* 
from the manufacturer and he must make a gross profit of 30% 
on the selling price. At what price should he seU the shoes? 

The Cost 2.45 = 70% or yV of the selling price 
. 35 = tV of the selling price 
3.50 = or 100% of the selling price (Ans.) 

In some lines of business it is possible to follow this rule and 
apply it to all commodities sold. However, a number of factors 
will frequently require the business man to vary this procedure. 
Competition in some lines may require him to cut his margin of 
gross profit, while the very nature of other lines may permit him 
to charge more. 

If several lines of commodities are carried, as in a department 
store, the cost of operating each department should be calculated 
and price ratios adjusted accordingly. Fast moving commodities 
in departments which do not cost much to operate may be sold 
at a relatively low margin of gross profit, while slower moving 
commodities in more expensive departments will have to be sold 
at a higher margin of gross profit. Thus groceries may conceivably 
be sold at a mark-up of 15 to 25%, while furniture may require a 
mark-up of 30 to 40%. 

Leaders .—Many business organizations, particularly retail 
stores, sell certain articles at cost or even below cost in order to 
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attract customers with the hope that once these customers buy 
that particular article, they will also purchase some other regularly 
priced commodities. Such articles are called leaders'' and their 
prices are fixed in terms of their cost, price asked at other places, 
and the probability of a given price attracting profitable cus¬ 
tomers. 

Need for Records ,—^Records of sales and cost of sales should be 
carefully kept in order that a business man may know how the 
business is progressing. Too frequently, the inclination is to 
watch the volume of sales and not pay enough attention to the 
cost. Carefully kept records will frequently assist in the adjust¬ 
ment of costs and selling prices so that business may be done most 
profitably and at the same time competition will be adequately 
met. 

Price Marking ,—Most stores find it advisable to mark the 
selling price of each article on the article itself or on a 
tag or label attached to the article. This reduces the number 
of errors in quoting prices to customers, it means that sales 
people do not have to depend so much upon their memories, 
and it makes it possible to shift sales people from one counter 
to another without fear that they will sell goods at incorrect 
prices. 

Very often the tag or label contains not only the selling price 
but also the cost price, the latter usually in code. Such a pro¬ 
cedure facilitates the work at inventory time and*at the same time 
keeps the cost a secret from both the customer and the sales 
person. It also makes it possible for the manager to adjust 
intelligently prices downward on a commodity that is moving 
slowly. 

The code used for marking the cost price usually consists of a 
word or group of words which contain ten different letters, each 
representing the figures from zero to nine. So that the secrecy 
of the code may be more completely preserved, extra letters such 
as X or 1/ are usually used to represent digits that are repeated one 
or more times in the price. ‘‘Brown Chest," or “White Cloud," 
are words that may be used as codes. 
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Illustration : What are two word groups that may be used as 
codes? 

BROWN CHEST or WHITE CLOUD 
1234567890 1234567890 

They may also be used in reverse. 

Illustration: A retailer bought shoes at $3.30 per pair and 
had an established mark-up of 25% based on the selling price. 
How would the price tag read if '‘Brown Chest' with x as a re¬ 
peater were used as a code for the cost? 

$3.30 equals 75% or f of the srlling price. Then the selling 
price will be $4.40 per pair. The price tag would read ns follows: 

Cost oxt 

Selling Price 4.40 (Ans.) 

The words cost and selling price do not usually appear on the 
tag, the code for the cost price usually appearing above the line and 
the selling price listed below the line. The selling price may also 
be coded, but this is usually not done because there is no particu¬ 
lar need for secrecy and there are fewer chances for error if the 
price is plainly marke*d. 

Selling Price Based on Cost ,—Some firms still base their per¬ 
centage of mark-up on cost rather than selling price. When this 
is done, the percentage of mark-up is determined by noting the 
percentage the gross profit bears or must bear to the cost of goods 
rold. If this established percentage must be 33^-%, then that 
percent of the cost is calculated and added to it to determine the 
selling price. 

Illustration: A hat costs $1.65 and the mark-up is 33^% 
based on the cost. What is the selling price: 

$1.65 = 100% cost 

. 55 = 33i% of cost (gross profit) 


$2.20 = 133|% of cost (selling price) (Ans.) 
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Odd Figures ,—Many stores prefer not to quote prices at odd 
figures. To take care of this problem, they frequently make a 
rule that articles will be priced at the next figure divisible by five 
or ten above the one actually determined by calculations. 

Illustration: A store established a rule that prices should 
be fixed at the next figure divisible by 5 or 10 above the one 
actually determined by calculation. At what price will the fol¬ 
lowing goods be marked? 

Mark-Up Based 
Unit Cost on Selling Price 
0.47 25% 

2.25 35% 

6.48 33i% 

Mark-Up Based on Actually Calculated Fixed Price 


Unit Cost 

Selling Price 

Mark-Up 

Selling Price 

5 and 10 Rule 

0.47 

25% 

0.16 

0.63 

0.65 

2.25 

30% 

0.66 

2.91 

2.95 

6.48 

33i% 

3.24 

9.72 

9.71 


Instead of using figures divisible by five or ten, business organi- 
tions sometimes use figures that are supposed to have a good 
psychological effect on the buying public such as 39cf, 49?f, 69fif, 98«f, 
etc. The calculations are made the same but the special price 
scale is applied. 

Manufacturing Cost.—Manufacturing Costs are usually divided 
into three major items, (1) raw materials, (2) direct labor, and 
(3) expenses applied to production called overhead burden, or 
indirect costs. This last item would include expenses of super¬ 
vision, light, heat, power, depreciation, factory supplies, taxes, 
rentals, etc. 

In preparing a statement showing the cost of goods manufac¬ 
tured, the problem is relatively simple. One simply lists from the 
bookkeeping records the cost of all materials used in production, 
the cost of all labor directly applied to production, and the indirect 
costs such as those listed. This information, along with the 
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proper adding in of old inventories of goods in process, and deduct¬ 
ing new inventories, will give one the cost of goods manufactured 
for a given period. 

Illustration. Make up a statement showing the cost of 
goods manufactured by the Warren Shoe Company during the 
month of June, 19—. 


WARREN SHOE COMPANl 


Cost of Goods Manufactured June 1-June 30, 19 — 


Materials— 

Upper leather used. $4561 75 

Sole leather used.. 1321.73 

Lining material used. 298.21 

Findings material used. 327.62 


Cost of raw materials used 
Direct Labor. 


$6,509.31 

5,981.27 


Manufacturing Expenses— 

Salaries and wages. $1327.61 

Rent. 350.00 

Rentals and Royalties. 157.62 

Depreciation on Lasts, Dies & Patterns. 275.62 

Light, heat, & power. 76.21 

Taxes. 27.25 

Depreciation on Machine Equipment. 42.57 


Total Manufacturing Expenses... 

Total Cost of Manufacturing 
Add: Goods in Process, Inv. June 1 . 


$12,490.58 


$2,256.88 


$14,747.46 

2,321.65 


$17,069.11 

Deduct: Goods in Process, Inv. June 30. 2,576.21 

Total Cost of Goods Manufactured. $14,492.90 


Estimating Cost.—The real problem in dealing with manu¬ 
facturing cost is not that of looking back over records to find what 
goods did cost, but rather looking ahead and estimating what 
they are going to cost. Every manufacturer has to quote prices, 
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frequently in advance of actually making the goods, and the price he 
quotes must be low enough to help him to compete favorably with 
other manufacturers and at the same time be high enough to cover 
the cost of the goods along with giving him a fair margin of profit. 

Estimating the cost of materials and the cost of direct labor is 
relatively simple. A manufacturer can usually tell about how 
much the material going into a product will cost, and about how 
much the labor directly applied to the product will cost. The 
allowance for overhead, however, is quite a different problem 
because the volume of production causes the cost of producing 
any particular unit to vary. Overhead costs (rent, superintend¬ 
ence, depreciation, etc.) are about the same whether the factory 
is almost idle or running at capacity production, and will jump 
up perceptibly only when it is necessary to enlarge quarters, add 
to equipment, etc. 

There are various ways of estimating the overhead to be added 
in as part of the estimated cost of a unit. One very popular 
method is that of determining by experience that ratio that has 
existed in the past between the prime cost (raw materials plus direct 
labor) and the factory expenses. By referring to the statement of 
the cost of goods manufactured by Warren Shoe Company shown 
previously, you will notice that this ratio is about one to six; 
in other words, the manufacturing expenses amount to a figure 
that is about one-sixth of the prime cost or about one-seventh of 
the total cost of manufacturing. If experience has shown that 
approximately this ratio has existed each month, it may be used 
as the standard and may be applied when estimating the cost of 
goods to be produced. 

Illustration: A manufacturer desires to fix a selling price on 
shoes he is planning to make. The raw materials going into the 
shoes (upper leather, sole leather, trimmings, linings, findings, 
etc.) are estimated to cost $1.40 per pair. The direct labor re¬ 
quired on the shoe (cutting, stitching, stock fitting, lasting, 
etc.) is estimated to cost $1.25 per pair. 16f% of the prime cost 
has been established as the standard factory overhead charge. 
In addition, a standard mark-up of 20% based on the selling price 
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is applied to cover the cost of selling, office administration and 
other general overhead costs. What is the cost to manufacture 
the shoes, and at what may they be sold? 


« 

Raw materials. $1.40 

Direct labor. i 25 

Prime Cost. $2.65 

Factory overhead (16 i % of $2.65). 0.44 


Cost to Manufacture. $3.09 

Mark-up to cover general overhead (20% of Sell¬ 
ing Price). 0.77 

Calculated Selling Price. $3.86 


Note: This price of $3.86 would probably be rounded off to 
$3.90 or $3.95 or if competition was particularly keen, it might be 
fixed at $3.85. 

There is real danger in too much dependence on overhead 
standard rates that have been established solely on the basis of 
experience. Instead of accepting the figures as such, one should 
look behind the figures to determine why such a ratio exists, if it 
can be justified, and what improvements can be made to lower 
the relative cost of overhead. Are the factory costs too high? 
Can efficiency methods be adopted that will tend to reduce these 
costs or speed up production without necessitating expansion of 
the plant? These and many similar questions should be carefully 
thought of before one adheres too closelj’^ to overhead ratios and 
percentages established solely on the experiences of the past. 

Commissions and Bhokerage 

Agents are frequently used by growers and manufacturers who 
for some reason or other do not choose to undertake to market 
some or all of their goods themselves; or such agents are used when 
people desiring to procure certain merchandise find it inconvenient 
for them to do the buying themselves. These agents or factors are 
usually called commission merchantSy their commission usually 
being a certain percent of the selling or buying price, or sometimes 
a flat rate per unit (bu, bbl, bale, ton, etc.) bought or sold. 
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When using the services of a commission merchant to market 
his goods, the grower or manufacturer simply consigns the goods 
to the merchant who receives them, pays any unpaid freight 
charges, has them hauled to his place of business, frequently 
insures them and pays other expenses incidental to handling them, 
and sells them at the best price he can get. Sometimes the selling 
is of the direct sale type where the agent contacts his customer 
or vice-versa, and a sale is consummated if the price and terms are 
agreeable to both; in other lines, the goods are sold at auction 
to the highest bidder. 

When the goods are finally sold, the commission merchant 
renders an “Account Sales” upon which he lists the number 
of units sold at given prices and these are extended and totalled, 
the total thus determined is called the gross proceeds. 

Also on the Account Sales are listed the various incidentally 
incurred expenses along with the commission which is usually 8 
to 10 percent of the gross proceeds. The total of these charges is 
deducted from the gross proceeds to determine the net proceeds. 
The amount of the net proceeds is Usually remitted with the 
account sales. 

Illustration: A commission merchant receives a shipment 
of 50 cases of eggs, each case containing 30 dozen. He sold 40 
cases (1200 dozen) at 18)if per dozen and the remaining 10 cases 
(300 dozen) at 170 per dozen. He paid freight and cartage $16.27 
and insurance $2.32. Commission was charged at the rate of 
10% on the gross sales. How would the Account Sales appear? 

The Account Sales would appear as follows: 


40 cases Eggs, 1200 dozen @ 18ff per dozen. 

.. $216.00 

10 cases Eggs, 300 dozen @ 17^ per dozen. 

.. 51.00 



$267.00 

Charges— 



Freight. 

. $15.27 


Insurance. 

. 2.32 


Commission, 10%. 

. 26.70 

44.29 

Net Proceeds. 


.. $222.71 









BUSINESS 



Ito avoid errors and delays, always mail us invoice of what Yon SHIP| 




890 HANDBOOK OF APPLIED MATHEMATICS 


Account Purchase.—^When a commission* merchant is comm 
sioned to buy merchandise for a client, the procedure is just 1 
reverse. He buys it, sometimes at auction, sometimes throi] 
private purchase, and pays whatever expenses are necessa 
such as insurance, freight, etc., in transferring the goods to i 
principal. 

The report of the purchase is called an “Account Purchas 
and lists the number or articles or units bought with the u 
price paid, the extension and total, known as the “Prime Cos 
To the prime cost are added the various costs involved in maki 
the purchase including the commission. This final amount 
called the “gross cost.'' 

Illustration: A commission merchant buys 1000 lbs. of r 
silk at $1.39 per pound for a client, pays freight and carti 
$27.62, and charges a 5% commission. How would the accoi 
purchases appear? 

The account purchases would appear as follows* 

July 22~1000/J^ Raw Silk, $1.39. $1390.00 

Prime Cost. $1390.00 

Charges— 

Freight and Dray age. $27.62 

Commission. 69.50 

Total Charges. 97.12 

$1487.12 

Salesmen’s Commissions and Bonus.—There are a variety 
systems used in paying salesmen, perhaps the most common 
which are: (a) straight salary, (6) salary plus commission on 
sales, (c) salary plus commission on certain items or groups 
items, (d) salary plus commission on sales above a certain p; 
determined quota, (e) straight commission. 

Straight Salary ,—Many firms pay their salesmen on a straig 
salary basis feeling that their salesmen will work well without sj 
cial commission or bonus incentives. This plan almost entin 
eliminates a certain ruthless or high pressure type of salesmensl 
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thB.t so frequently destroys good will. The salary is almost always 
reasonably substantial. Sales work is looked upon as being the 
life-blood of any industry and successful salesmen are usually well 
paid. 

Salary Plus Commission on All t^ales ,—Some firms prefer to 
have the salesmen have an opportunity to earn more if they can 
sell more, but at the same time like to give them the security of a 
regular salary regardleas of business conditions. The salary as 
such is usually relatively small, set on what might be called a sub¬ 
sistence level and the rate of commission is set so that with normal 
effort a man should be able to earn a fairly substantia] income. 

Illustration: A man receives a salarj^ of $100 and a 6% 
commission on all sales. His sales for the month of October were 
$5000. What are his earnings for the month: 

Salary. $100.00 

Commission, 5% of $5000... 250.00 

$350.00 (Ans.) 

Salary Plus Commission on Certain Items .—Some firmu have a 
fundamental policy of paying a straight salary but use the com¬ 
mission as a special incentive to have salesmen sell certain items 
or groups of items. This may be and frequently is only a tem¬ 
porary arrangement and is used to move a special lot of slow- 
moving merchandise, to introduce a new item or line, to make 
salesmen ‘^selling conscious of articles that they have been 
neglecting or for other reasons. 

Illustration: A paint company noticed that its line of lac¬ 
quers w^as not selling well and offered its salesmen a special com¬ 
mission of 5% on all sales in that line. One salesman whose 
salary was $275 per month sold $425.00 worth of lacquers during 
the month of May. What was his earning during the month? 

Salary. $275.00 

Commission, 5% of $425.00. 21.25 


' $296.25 
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Salary Plits Commission ,—A salesman’s *quota may be set in 
various ways, but is usually determined by experience in the pasL 
One favorite method for establishing a quota is to average the 
three or four best months that the salesman is paid a commission 
(sometimes called bonus in such cases) on all sales above the 
established figure. 

Illustration: A company pays a commission (or bonus) of 
1% on all sales above the salesmen’s quota. The quota is estab¬ 
lished by averaging the total sales made by each salesman in the 
best four months that each had in the preceding year. A sales¬ 
man whose best months in the preceding year were January 
$18,750.00, March $17,925.00, September $19,256.00, and Decem¬ 
ber $16,225.00, who was paid a monthly salary of $325.00, made 
sales totalling $19,475.00 in a given month. What was his total 
earnings? 

Quota equals $18)750.00 
17,925,00 
19,256.00 
16,225.00 

$72,156.00 4- 4 = $18,039.00, or, in round numbers, 

$18,000.00, established monthly quota for 
new year. 

Earnings for the Month: 

Salary. $325.00 

Commission of 1% on ($19,475 — $18,000). 14.75 

$339.75 (Ans.) 

Straight Commission .—Under this plan, the salesman receives 
no salary as such but is entirely dependent upon his commission. 
A straight commission usually means that a flat rate of commission 
is paid on all articles sold. In some cases, however, a difference of 
commission is paid on different lines of goods sold by the firm. 

Illustration: A firm handles office equipment and supplies. 
Salesmen are paid no salaries but receive a commission of 10% 
on all equipment sold and 15% on all supplies sold. In one month. 
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a salesman sold equipment totalling $2257.65 and supplies totalling 
$926.18. What were his monthly earnings? 

Commission on equipment = 10% of $2257 05 $225.77 

Commission on supplies = 15% of 926 18 138.93 

$364.70 (.\ns.) 


Payrolls 

A list of employees aud the amount to be paid to each for a 
specific time is called a payroll. When pay is calculated on a time 
basis, the number of hours worked and the rate per hour Ls usually 
included. When the employee is paid on a piece-work basis, 
the number of pieces completed and the rate per piece is frequently 
included. The total of the payroll is the amount to be paid to all 
employees for the time specified, which is usually a week but may 
be a longer period. When the total is determined, a check is 
made out payable to the order of payroll. If the company pays 
each employee by check, the payroll check which covers the whole 
payroll is usually deposited in a special payroll account maintained 
at the bank for the purpose and special individual checks for each 
employee are drawn against this particular account and are dis¬ 
tributed to the employees. 

If the company pays each employee in cash, it is necessary to 
prepare a currency memorandum in order to know just how many 
bills and various coins will be needed and from it a Payroll Cur¬ 
rency slip which is taken to the bank with the payroll check so that 
the bank will know how many bills aud coins of various denomina¬ 
tions to give to the paymaster or his representative when cashmg 
the check. This currency and change is then distributed among 
the various pay employees and these in turn are passedout at a given 
time to the employees. Most companies usually require a receipt 
from the employee when he is given his pay envelop. 

Time Basis.— Many firms pay on a time basis which is usually 

at «. much per hour for so maoy 

davB Der week A very common time schedule is 8 hours Per day 
twaTir week, Ikiug a toml of 44 hours per week. Wlule 
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Fig. 7. —Payroll Card 
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some firms have a standard week of more than 44 hours, many 
others, particularly during recent years,‘have tended to reduce the 
number of hours per week so that now we find plants operating on 
a basis of 30, 32, 36, and 40 hours per week, variously distributed 
among the days with a tendency roward no work on Saturday. 
Time worked in excess of the standard nvimber of hours per day 
is called overtime; and while some firms pay merely the regular 
rate per hour for this overtime, most fir. us pay extra, usually at 
the rate of time-and-one-quarier or time-and-one-half and, espe¬ 
cially if it is on Sunday, double time. 

Where employees work by the hour, the hours per day are 
usually calculated from a time card which the employee is required 
to punch on a time clock every time he comes into or leaves the 
plant. 

Illustration: Harry Allen is employed by the Standard 
Manufacturing Company as a machinist at the rate of 90cf per hour. 
The plant operates on the basis of 8 hours per day for five dnys a 
week, a 40-hour week, and pays time-and-one-half for overtime. 
How would Mr. Alienas time card with pay calculated appear? 


No. 91 


HARRY ALT.EN 


Employed as Machinist at 90<f per hour, Week Ending Tuesday, May 21, 19 


Day 

A.M. 

In 

Out 

Wednesday.. 

7:65 

12:05 

Thursday. 

7:56 

12:01 

Friday. 

7:59 

12:10 

Saturday. 



Sunday. 



Monday. 

7:51 

12:05 

Tuesday. 

8:00 

12:02 


P.M. 


In 


1:00 

12:55 

12:57 


12:58 

12:65 



Overtime 

Total 

Hours 

Out 

5:04 


8 

502 


8 

5:10 

5:30-830 

11 

5:03 


8 

5:07 


8 

' 
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Payroll credit: 

Regular 40 hours at 90^ per hour. ^6.00 

Overtime 3 hours at $1.36 per hour. 4.05 

Total pay. $40.05 


The regular payroll for a company operating on a time basis is 
simply a summary of these individual time cards. 

Illustration: The Standard Manufacturing Company had 
working for it during the week ending May 21,19— the employees 
listed below along with the hours per day each worked and his 
hourly rate. The company pays time-and-one-half for overtime. 
What is the total payroll for the week? 


STANDARD MANUFACTURING COMPANY 
Payroll for Week Ending May 21, 19— 


No. 

Employee 

Name 

W 

Th 

F 

1 

S 

s 

M 

T 

Rate 
per 
hour 1 

Reg. 

Time 

Over¬ 

time 

Reg. 

Wages 

Over. 

Total 

91 

Allen, Harry.... 

8 

8 

11 

0 

0 

8 

8 

90 

40 

3 

$36.00 

$4.06 

$40.06 

92 

Moulton, James 

8 

8 

8 

0 

0 

7 

8 

96 

39 

0 

33.16 


33.15 

93 

Brown, Edward 

8 

10 

11 

0 

0 

01 

8 

76 

40 

7 

30.00 

8.63 

38.63 

94 

Paul, Samuel... 

8 

7 

7 

0 

0 

10 

8 

96 

38 

2 

36.10 

1.90 

38.00 

95 

Garvis, John.... 

8 

8 

8 

0 

0 

8 

8 

86 

40 

0 

34.00 


34.00 

96 

Young, James. . 

8 

10 

8 

0 

0 

i 9 

8 

9 

40 

3 

36.00 

2.70 

38.70 










Totals,.. 


$205.25 

$17.28 

$222.53 


(Ans.) 


It should be noted that in calculating overtime hours, they are 
calculated in terms of day rather than week, and it is perfectly pos¬ 
sible as in the case of Samuel Paul for a man not to have a full 
week of regular time to his credit and yet have overtime credit. 
It should further be noted referring back to the time card of 
Harry Allen that odd minutes are not counted unless they are 
more than fifteen. Also that most firms do not count time before 
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the regular starting time in the morning or during the noon hour 
unless the employee has been specifically asked to work at either 
or both of these times. 

Change Memorandum,—This memorandum is really an anal¬ 
ysis of payroll made so that the paymaster will know how 
many bills and coins of various denominations will be needed for 
the pay envelopes. 

Illustration : Prepare a change memorandum for the payroll 
of the Standard Manufacturing Company for the week ending 
May 21,19—. 


Change Memorandum 


For Payroll of Week Ending May 21, 19— 


No. of 
Employee 

Total 

Wages 

- [ 
Currency 

Coins 

20 

10 

5 

2 

1 

50 

25 

10 

5 

1 

91 

92 

93 

94 

95 

96 

$40.05 

33.15 

38.63 

38.00 

34.00 

38.70 

1 

2 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

0 
i 1 

1 

0 

1 

0 

1 

1 

1 

2 

1 

0 

1 

1 

1 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

2 

1 

1 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

7 

5 

3 

6 

4 

2 

0 

4 

2 

3 

Totals.... 

$222.53 

140 

50 

15 

12 

4 

1 

0 

.40 

.10 

.03 


Cun-encv SUp — This slip is prepared so that it may 
the 

coins. 
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THE MERCHANT’S BANK 
Orange, N. J. 


Payroll Currency Slip 
Depositor: Standard Mfg. Co. 
Date: May 24, 19— 


BiUs 

Dollars 

Cents 

20 

140 

0 

10 

60 

0 

5 

15 

0 

2 

12 

0 

1 

4 

0 

Coins 



Halves. 

1 

0 

Quarters. 

0 

0 

Dimes. 

0 

40 

Nickels. 

0 

10 

Cents. 

0 

3 

Total. 

1 

! 222 

53 


It should be noted that there is a discrepancy between the 
date on the payroll and the date on the currency slip. This exists 
because must firms have their week end sometime during the week, 
as on Monday, Tuesday, or Wednesday, and they pay on the 
following Friday or Saturday. This is done in order to give the 
clerical staff in the office adequate time in which to make up the 
time cards and properly prepare the payroll records. 

Piece Work.—Instead of paying by the hour, day, or week, 
many firms pay many of their employees so much for each unit of 
work they complete. The piece rate is usually established by 
determining how many pieces the average man can do in a given 
length of time. This means that a fast worker will usually be 
rewarded by bis speed by being able to earn more than his slower 
co-workers. 
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The piece-work production is usually reported at the office on a 
slip. In some plants the worker keeps *a record of the number of 
units he has completed during the day and has the foreman of 
the room counter-sign his slip; in other plants the worker holds 
the work he completes until a checker counts it and gives the 
worker credit, releasing the units so tliat they may go on to the 
next operation. In still other plants, the work goes through the 
plant in numbered cases or job lots and tae worker simply records 
in his book the job number of each lot on which he performs his 
operation and reports this number together with the price at the 
end of each day. A checker then takes these slips and enters them 
in a book especially prepared for the purpose, checks the comple¬ 
tion of the operation against the case or lot number. This record 
is usually made by placing the date and number or initial of the 
employee in the proper column in his checker's book. It thus 
prevents two people from being paid for doing the same work or 
one person from being paid twice for the job. It also helps to 
keep employees from claiming pay for work that they have not 
actually completed. 

In preparing the payroll when the plant is on a piece-work 
basis, some organizations record on the payroll sheet the number 
of pieces or units completed each day uy the worker, add the total 
for the week, multiply this total by the price paid per unit, and 
thus get the total amount to be paid to the worker. 

Illustration: Mr, L. Cook, employee number 61, completed 
23 units of work on Wednesday, 24 Thursday, 20 Iriday, 11 bat- 
urday, 21 Monday, and 20 Tuesday. He is paid 37^^ per unit. 
What is the amount of his earnings for the week? 




W 

Th 

F 

S 

M 

T 

Total 

Units 

Price 
per Unit 

Total 

Pay 

61 

Cook, Jj. 

23 

24 

20 

11 

21 

20 

119 

CO 

-a 

44.63 (Ans.) 
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In other plants such a system is not possible. Any one worker 
may work on different operations and thus complicate the problem 
or may work on much the same type of operation but may get a 
different price because he is working types of materials. Such 
plants will usually have some form upon which are calculated the 
daily earnings of the worker and these daily earnings are entered on 
the payroll sheet. At the end of the week, the daily earnings are 
totalled to determine the workers’ pay for the week. 

Illusthation : The work slips of Mr. H. Sailer, employee 
number 48, indicate that he earned $6.45 Wednesday, $7.78 Thurs¬ 
day, $5.01 Friday, $3.78 Saturday, $6.51 Monday, and $7.02 
Tuesday. What is the amount of his earnings for the week? 




W 

Th 

F 

S 

M 

Tu 

Total Pay 

48 

Sailer, H. 

6.45 

7.78 

5.01 

3.78 

6.51 


36.55 (Ans.) 


Other Pay Bases.—^While time and piece-work are by far the 
most widely used bases for paying workers, because of the many 
obvious possibilities for injustices to both the employer and the 
employee, several special systems have come into vogue in recent 
years. These systems are fundamentally time or piece-work 
systems or a combination of the two, but have special features that 
set them apart and which make them, at least in some places, 
much more satisfactory than the basic systems. They are gen¬ 
erally known as incentive wage plans. One particularly interested 
in these special wage plans should make himself acquainted with 
the Halsey Premium Plan, the Taylor Differential Piece-Work 
Plan, the Gantt Task and Bonus Plan, along with various others. 

Insubancb 

The basis of all insurance is risk. Insurance is an agreement 
between a professional risk taker (insurance company) and an 
individual or firm, whereby the insurance company agrees under 
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certain specified conditions to indemnify an individual or his 
heirs in case of some certain type of loss. The principal risks 
that a man faces have to do with his life, his property, and his 
liability for losses caused to other persons through some legal 
fault of his. 

Life Insurance. The average man or woman carries life insur¬ 
ance for two reasons: first, to take care <^f the payment of expenses 
incurred in connection with his last illness ind burial, and secondly, 
to leave at least some funds to his dependents so that they may not 
suffer too much of an economic strain in the event of his death. 
The contract between the insurance company and the insured is 
called a policy, and the fee paid to the insurance company is 
known as a premium. The person who receives the face of the 
policy upon the death of the insured is called the beneficiary. 

Premium.—The amount of the premium of life insurance 
depends upon the type of insurance and the age of the person 
being insured. The actual payment made to the company by the 
insured is technically called the gross or office premium. The cost 
of the policy as such is based on the death rate given in the mor¬ 
tality table and at a given interest rate. This basic cost of the 
policy is called the net premium. The gross premium is deter¬ 
mined by adding an amount to cover expenses of all kinds and 
profit to the net premium. This is called loading. Sometimes 
the premium of a policy is paid in one sum, this being called the net 
single premium. Usually it is calculated on an annual basis and 
is called the net annual premium. While many people pay their 
insurance premiums annually, many pay a slight extra charge for 
the privilege of paying semi-annually or quarterly. 

Insurance Tables.—The actual mathematics of determining 
the various premiums is somewhat involved and as a result tables 
have been prepared that are used to calculate these premiums. 
Insurance companies usually issue a table which simply lists their 
rates by age per thousand dollars of face value of policy. Nat¬ 
urally, a separate table or a separate column in a composite table 
is devoted to each type of insurance. Table V is a composite table 
showing the rates per $1000 on various types of insurance. 
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Types of Life Insurance.—Insurance companies issue several 
types of life insurance policies, the most commonly known of which 
are: (1) ordinary life, (2) endowment, (3) paid-up, and (4) term. 

Ordinary life insurance is that type of policy which remains in 
force during the life of the insured, and upon death the face of the 
policy is paid to the beneficiary. Usually premiums are paid 
annually from the time the poUcy is taken out until death. (It 
should be noted that many companies do not require premiums to 
be paid on ordinary life policies after the age of 85.) To find the 
cost of such insurance, one should refer to the table of rates, run 
down the age column to the age of the person buying the insurance, 
and multiply the rate given in the ordinary life column by the 
the number of thousand dollars worth of insurance the pur¬ 
chaser desires to take. The amount thus determined is the 
rate to be paid annually from that date until the death of the 
individual. 


Illustration: A man, age 35, desires to take out a $5000 
ordinary life insurance policy. What annual premium must he 
pay? 

The rate for ordinary life insurance at the age of 35 
(according to Table V) is $20.55 per thousand. The rate for 
$5000 will be 


$20.55 X 5 = $102.75 (Ans.) 

Endowment policies call for the payment of a regular premium 
for a given period of years—usually twenty but may be fewer or 
more—at the end of which time the face of the policy becomes due 
and payable to the insured. In the event of the death of the in¬ 
sured at any time during which the policy is in force, the face of the 
policy is paid to the beneficiary. The procedure for calculating 
the premium is similar to that used in the preceding illustration, 
the only exception being that the rate is selected from the proper 
endowment column. 



table 5 

A Typical Table Showing Rates per Thousand 

Insurance 


ON Various Types 


OP 


Age 

Ord. 

Life 

10 

Ann. 

Prem. 

15 

Ann. 

Prem. 

20 

Ann. 

Prem. 

15 

vt. 

End. 

IV rid. Age 65 

Term 

\ ear 
End. 

Cent. 

Prem. 

* 

Pay. 

5 

Year 

1 

Year 

15 

12.43 

33.34 

24.48 

20 16 

55.98! 39 66 

14.40 

22.23 


— 

20 

13.77 

35.94 

26.40 

21 76 

56.25 

30.93 

16.37 

24..32 

7.72 

7.84 

21 

14.08 

36.51 

26.83 

22 . U 

56.31 

40. Od 

16 84 

24.79 

7.77 

7.91 

22 

14.41 

37.11 

27.28 

22 48 56.38 

4(j.07 

17.33 

25.28 

7. S3 

7.97 

23 

14.75 

37.73 

27.74 

22.87 

56.45 

40,14 

17.85 

25.79 

7.89 

8.05 

24 

15.10 

38.38 

28.22 

23 27 

56.52 

40.22 

18.40 

26.32 

7.96 

8.13 

25 

15.48 

39.04 

28.71 

23.68 

56.60 

40 30 

18.98 

26.87 

8.04 

8.22 

26 

15.87 

39.73 

29.23 

21 12 

56.68 

40.39 

19.60 

27.44 

8.12 

8.31 

27 

16.29 

40.45 

29.76 

24.57 

56.76 

40.49 

20.26 

28.04 

8.20 

8.41 

28 

16.73 

41.19 

30.32 

25,03 

56.86 

40..‘'9 

20.97 

28.66 

8.29 

8.52 

29 

17.19 

41.96 

30.80 

25.62 

56.96 

40.70 

21.71 

29.31 

8.39 

8.63 

30 

17.68 

42.76 

31.49 

26.02 

57.07 

40.82 

22.51 

29.98 

8.49 

8.76 

31 

18.19 

43.59 

32.11 

26.55 

57.19 

40.95 

23.36 

30.69 

8.60 

8.90 

32 

18.73 

44.45 

32.76 

27.10 

67.31 

41.10 

24.28 

31.43 

8.72 

9.05 

33 

19.30 

45.34 

33.43 

27.67 

57.44 

41.25 

25.25 

32.20 

8.85 

9.22 

34 

19.91 

46.26 

34.13 

28.27 

57.59 

41.42 

26.30 

33.00 

8.99 

9.40 

35 

20.55 

47.22 

34.85 

28.89 

57.75 

41.61 

27.43 

33.84 

9.15 

9.59 

36 

21.22 

48.21 

35.61 

29.54 

57.92 

41.82 

28.65 

34.73 

9.33 

9.82 

37 

21.94 

49.25 

36.39 

30.23 

58.11 

42.05 

29.97 

35.65 

9,52 

10.06 

38 

22.70 

50.31 

37.21 

30.94 

58.32 

42.30 

31.06 

36.63 

9.72 

10.34 

39 

23.50 

51.42 

38.07 

31.69 

68.54 

42.59 

32.57 

37.65 

9.96 

10.64 

40 

24.36 

52.57 

38.96 

32.47 

58.79 

42.90 

34.21 

38.72 

10.21 

10.99 

41 

25.26 

53.87 

39.97 

33.30 

59.07 

43.34 

36.07 

39.94 

10.60 

11.38 

42 

26.23 

55.22 

41.02 

34.17 

59.39 

43.81 

38.12 

41.22 

10.83 

il.84 

43 

27.25 

56.64 

42.13 

35.09 

59.73 

44.34 

40.35 

42.58 

11.19 

12.35 

44 

28.35 

58.10 

43.29 

36.06 

60.13 

44.92 

42.82 

44.02 

11.60 

12.92 

45 

29.51 

59.62 

44.51 

37.09 

60.55 

45.55 

45.55 

45.55 

12.08 

13.57 

46 

30.75 

61.22 

45.78 

38.17 

61.16 

46.25 

48.50 


12.64 

14.32 

47 

32.07 

62.87 

47.13 

39.32 

61.81 

47.02 

51.76 


13.26 

15.17 

48 

33.48 

64.(K) 

48.54 

40.55 

62.53 

47.87 

55.43 


13.98 

16.10 

49 

34.98 

66.39 

50.02 

41.84 

63.33 

48.81 

59.53 


14.79 

17.16 

50 

36.59 

68.26 

51.59 

43.22 

64.19 

49.84 

64.19 


15.70 

18.33 

51 

38.33 

70.20 

53.24 

44.73 

65.14 

50.97 

69.61 


16.71 


52 

40.19 

72.23 

54.97 

46.34 

66.18 

52.21 

75.61 


17.84 


53 

42.19 

74.34 

56.80 

48.05 

67.32 

53.59 

82.71 


19.09 


54 

44.31 

76.54 

58.74 

49.89 

68.57 

55.10 

91.07 


20.49 


55 

46.57 

78.86 

60.80 

51.86 

69.94 

56.75 

101 06 


22.04 


56 

49.05 

81.26 

62.97 

54.02 

71.46 

58.58 





57 

51.69 

83.79 

65.30 

56.33 

73.11 

60.58 





58 

54.53 

86.43 

67.78 

58.82 

74.94 

62.79 





59 

57.57 

89.22 

70.42 

61.51 

76.97 

65 21 





60 

60.82 

92.15 

73.24 

64.39 

79.19 

67.85 






From: LiltU Gem Life Chart, published by the National Underwriter Company. Cincin. 


oati, Ohio, 10^. 
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Illustration: A man, age 25, desires to take out a policy that 
will pay him $2500 at age 45, providing he lives, or in the event of 
his death before that time, will pay a like sum to his beneficiary. 
How much must he pay annually? 

The rate for 20-year endowment insurance at age 25 is $40.30 
per $1000. The rate for $2500 will be 

40.30 X = $100.75 (Ans.) 

Paid-up policies are a compromise between the endowment 
policy and whole life policies. Under the paid-up policy the 
insured pays a regular premium for a given period of years (usually 
10, 15, or 20 years) and pays no more, but the face of the policy 
is not payable to him as in the case of endowment policies but 
rather is payable to the beneficiary upon the death of the insured 
regardless of whether that death occurs before or after the pre¬ 
miums have all been paid. The value of this type of insurance 
is that a man may pay up all the premium charges during his 
healthiest and-most productive years and still remain insured 
during his entire life. The procedure for calculating the premium 
is similar to that used in the preceding illustration. 

Illustration: A man, age 30, desires to take out a $10,000 
policy, the premiums of which will be paid up when he is 45. The 
rate for insurance requiring 15 annual premiums at age 30 is $31.49 
per $1000. The annual rate for $10,000 will be 

$31.49 X 10 = $314.90 

Term insurance is purchased for only a given length of time 
(usually one, five, or ten years) but may be kept in force indefi¬ 
nitely by the regular payment of the premium. If the insured 
dies while the policy is in force, the face of the pohcy is paid to the 
beneficiary, but if the insured survives that given length of time 
and fails to renew his policy, he is no longer protected. This type 
of insurance is frequently carried during that period of a man’s 
life when his family is most dependent upon him. 
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Illustration: A man, age 34, has three small children and 
feels that he should carry additional* protection, reaUzing that 
should he die within the next few years his family might be in 
unusually straitened circumstances. He decides to take out a 
ten year term policy for $6,000 i supplement other insurance 
which he is carrying. What will it cost him per year? 

The rate for ten year term insurance at age 34 is $8.99. The 
cost of a $5000 policy will be 


$8.99 X 5 = $44.95 


Qpj eh Surrender.—In all other fonns of insurance except term 
insurance (whole life, endowment, and paid-up) the insured is to 
some extent protected even though he fails to continue to pay his 
premiums and thus lets his policy lapse. If this takes place, he 
may do one of three things: he may ask the insurance company 
to pay him an amount in money that is equal to the present value 
of the policy. This is called the cash surrender value and is really 
that portion of the premium that has been set aside by the com¬ 
pany as a reserve out of which to pay the policy, plus accumulated 


interest. , , , , „ 

Loans.—If the insured chooses to do so, he may borrow at a 

fixed interest rate, the cash surrender value of Ws policy rather 

than accept the cash settlement and surrender his policy. The 

value of the loan plan is that the insured 

at the same time keep his policy in full force. 

the loan has been repaid, the beneficiary will 

the policy less the unpaid loan and interest accrued thereon. 

Extended Insurance.-If, in the case of a ^ 

insiLd does not choose to apply for and receive ^ash surrendj 

leceivetheface value of the po y , . 

however, the insurance company is no longer 
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Paid-up Insurance.—The holder of a lapsed policy may, how¬ 
ever, choose to accept paid-up insurance rather than extended 
insurance. Under such a plan, the cash surrender value will be 
used to buy insurance that will remain in force during life without 
his paying any more premiums. Naturally, the face of the new 
policy will be less than that of the older policy, the face being the 
amount of paid-up insurance that could ordinarily be bought for 
the cash surrender value. 

Special Benefits.—Many life insurance policies carry clauses 
which cover special risks such as general accident, travel, accident, 
disability, or some combination of these. An additional fee is 
charged for these special coverages. 

Other Personal Policies.—Practically all other policies cover¬ 
ing risks to the person such as accident insurance, disability 
insurance, health insurance, are also based on more or less standard 
experience tables and the annual fees are calculated accordingly. 
As a general rule, such policies are on a term basis (usually one 
year) and expire at the time unless they are renewed. Naturally, 
they have no cash surrender value except a refund that may be 
claimed if the policy is cancelled during the year. 

In quoting rates for this type of insurance, many companies 
classify people in terms of their occupation and give more favorable 
rates to those in the fields that are least hazardous. 


Fire Insurance 

An agreement between an insurance company and an indi¬ 
vidual for protection against financial loss due to fire is called 
fire insurance. The consideration paid for this protection, as in 
any other form of insurance, is called the premium, while the face 
of the policy is called the principal. Fire insurance policies cover 
losses due to fire or smoke and also due to water or chemicals or 
even dynamiting used in extinguishing the fire or in preventing it 
from spreading. 

Premium.—The premium paid on fire insurance depends upon 
the type of risk and the length of time the policy is to run. Nat- 
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urally, a building constructed of brick or concrete is a better risk 
than one constructed of wood. The Installation of sprinkling 
systems and other fire prevention or retarding equipment makes 
the premium smaller. Business properties are usually insured 
for a year at a time; dwellings are isually insured for a term of 
three or five years at a time. The rate is geneially quoted as a 
certain percent of the face of the p«)licy or as so much on each 
hundred dollars of face. 

Illustration: (a) A rriun insures his j^roperty for $12,000, 
the premium to be How much premium must he pay? 

His premium will be } of 1% of $12,000 == of $120 or $105 

Illustration: (b) Another man insures his property for 
$36,000, the premium to be 79^ per hundred dollars. How much 
premium must he pay? 

$36,000 X 79d -i- $100 = $284.40 

Co-Insurance.—Fire insurance companies will never pay more 
than the value of the property at the time that it was destroyed 
regardless of the amount of insurance carried. In most states 
they will not pay the whole loss, even though the amount of the 
loss may be less than the face of the policy, unless an adequate 
amount of insurance is carried. 

The theory behind this is that the owner when he insures his 
property for only part of its value is really asking an insurance 
company to protect him against part of his losses while he assumes 
the responsibility for the remainder. 

80% Clause, In many states the co-insurance clause is an 
80% clause which provides that the insured shall carry insurance 
on his property equal to 80% of its value. In case he fails to 
carry the 80%, the insurance company is liable on the policy for 
such proportion of the loss that the face of the policy bears to 80% 
of the cash value of the property at the time the fire occurred. 
In endeavoring to determine the amount to^ be paid by the insur¬ 
ance company when the 80% clause is included in the policy, one 
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should multiply the loss by the face of the policy divided by 80% 
of the value of the property, i.e., 

80% of 7 ^ ^ 

Illustration: A man has property worth $15,000 which is 
insured for $10,000. A fire occurs, the loss amounting to $8,400. 
How much can he collect from the insurance company? 

In determining the amount the insurance company will pay, 
$10,000 (/) must be divided by 80% of $15,000 (80% of F) or 
$ 12 , 000 . 

10,000 , , 

equals f or 83J% 

f of $8,400 equals $7,000, the amount paid by the insurance 
company. 

100% Clause .—While the 80% clause is very common, it 
sometimes is not included in a policy containing the co-insurance 
clause. In the absence of a given percent, the co-insurance is 
based on the full value of the property at the time of fire. In 
calculating the amount to be paid under such a clause one multi¬ 
plies the loss by the face of the policy over the value of the property 
at the time of the fire. 


Illustration. Property valued at $60,000 was insured for 
$40,000. A fire loss of $30,000 occurred. How much can be 
collected from the insurance company? 

40,000 7 _ 2 
60,000 F ~ 3 

f X $30,000 (L) = $20,000, the amount paid by the insurance 
company. (Ans.) 
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Ordinary Policy. In some states the co-insurance clause is not 
included in fire insurance policies. Such policies are known as 
‘‘Ordinary Policies” and under them the insurance company pays 
the face of the policy or the amount of the k)ss, whichever is lower. 

Illustration: Property valued at -i^SOOO was insured for 
$5000. A fire loss of $4500 occurred. How much will the 
insurance company pay: 

The insurance company w^ould pay $4500. Had the loss been 
$6000, the insurance company would have paid $5000, tne face 
of the policy. 

Standard Short Rate Scale.—The standard short rate scale is 
used for calculating the premium on insurance policies that have 
been cancelled by the person insured. It also is used in calculating 
the premium on property insured for less than a year. A copy of 
the Standard Short Rate Scale is shown in Table 6. 

Insurance for Less than a Year ,—If property is to be insured for 
less than a year, one must calculate the premium for a year in the 
regular way and then multiply by the percent given in the Standard 
Short Rate Scale for the time in question. 


Illustration: Property valued at $7500 on which the annual 
rate is 79^4 per hundred is to be insured for two months. What 
premium must be paid? 

If the property were to be insured for one year, the premium 
would be 


$7,500 

100 


X .79 = $59.25 


According to the short rate scale, the premium for two months 
is 30% of the annual premium. 30% of $59.25 equals $17i78, 

the premium to be charged. (Ans.) 

Policy Cancelled by Insured.— Much the same method is used in 
determining the amount that the insurance company will refund 
in case the insured chooses to cancel his jwlicy only that the 
amount to be charged (or retained) is deducted from the total 



910 HANDBOOK OF APPLIED MATHEMATICS 


premium paid in determining the amount to be refunded to the 
insured. 

Illustration: Property is insured for the calendar year for 
$12,000 at the annual rate of f %. The premium of $90 was paid. 
The owner of the property cancelled the policy as of August 31. 
What amount will be refunded? 

From January 1 to August 31 is 8 months. According to 
the standard short rate scale, 80% of the premium is to be 
charged or retained if the policy remains in force for 8 months. 
80% of $90.00 (the amount of the premium) is $72.00, the 
amount to be retained, and ($90 less $72) $18.00 is the amount 
to be refunded. 

Policy Cancelled by Company .—If the insurance company 
chooses to cancel the policy before it expires, the standard short 
rate scale is not used. Under such circumstances, the insurance 
company may retain only the proportion of the annual premium 
that the expired time bears to the total time. 

Illustration: Referring back to the previous illustration, 
suppose that the insurance company, rather than the insured, 
had chosen to cancel at the end of eight months the $12,000 policy 
on which the annual premium of $90 had been paid. How much 
would have been refunded? 

In such a case, the insurance company would retain | of 
the premium ($60.00) and refunded I ($30.00) to the insured. 
It should be noted that exact time is most frequently used in cal¬ 
culating the expired time in such cases. Using exact time in 
this case would mean that 243 days (exact number of days from 
January 1 to August 31 inclusive) would be placed over 365 
and that multiplied by the premium to determine the amount 
to be retained. 

243 

— X $90 - $59.92. 

^ ooo 

$90 — $59.92 = $30.08, amount to be refunded to the in¬ 
sured. (Ans.) 
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TABLE 6 

Standard Short-Rate Scale for Computing Premiums for Terms I.f-ss 

Than 1 Year 


Days 

in 

Force 

Per Cent 
to be 
Charged 
or 

Retained 

Days 

in 

F orce 

Per Cent 
to be 
Charged 
or 

Retained 

. 

1 i>ays 

! 

I For^c 

1 

I 'erCent i 
to bo 1 
Charged i 
or 1 
J rtaiued 

Days 

in 

Force 

Per Cent 
to be 
Cliarged 

or 

Retained 

1 

2 

14 

ir. 

5.5 

29 

180 (6 me.) 

70 

2 

4 

15 

13 

J 60 (2 mo.) 

30 

195 

73 

3 

5 

16 

:4 

05 

oy 

210 . 7 mo.) 

75 

4 

6 

17 

15 

70 

36 i 

225 

78 

5 

7 

18 

10 

75 

! 37 

i 240 (8 mo.) 

80 

6 

8 

19 

16 

80 

38 

255 

83 

7 

9 

20 

17 

85 

39 

270 (9 mo.) 

85 

8 

9 

25 

19 

90 (3 mo.) 

40 

285 

88 

9 

10 

30 (1 mo.) 

20 

105 

46 

300 (10 mo.) 

90 

10 

10 

35 

23 

120 (4 mo.) 

50 

315 

93 

11 

11 

40 

25 

135 

55 

330 (11 mo.) 

95 

12 

11 

45 

27 

150 (5 mo.) 

60 

345 

98 

13 

12 

50 

28 

165 

66 

360 (12 mo.) 

100 


Other Forms of Insurance.—There are several other forms of 
insurance such as Personal Liability, Accident, Marine, Working¬ 
men ^s Compensation, etc., the mathematics of which are more 
or less the same as that of fire insurance. A premium is charged 
which is in keeping with the risk involved and the insurance com¬ 
pany in turn adjusts claims in terms of the amount of damage 
actually done or the liability involved, providing it is within the 
scope of the policy both in terms of principal and its various 
clauses. One should invariably read an insurance policy which 
he takes out so that he really knows just what coverage he is 
getting. 

Stock 

stock is the term applied to shares which represent ownership 
in a corporation. A corporation is an intangible person created by 
the state upon the request of individuals interested in organizing 
it. It operates under a charter granted by the state which, among 
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other things, specifies the amount of stock that the corporation 
is authorized to issue, and the par value, if any. 

Par Value,—The par value of stock is the face value, the value 
at which it must be originally issued. Most states now permit 
stock to be issued without par value. Such stock is known as 
no-par-value stock, each share merely representing a fractional 
part of the total ownership in the business. 

Capital Stock.—The capital stock of a corporation represents 
the amount of authorized and paid into the corporation as capital 
for conducting the business. The capital stock is divided into a 
certain number of shares which may have a par value. 

Dividends.—^When profit is made by the corporation, the 
board of directors may decide to retain some or all of it in the busi¬ 
ness for working capital or pay some or all of it to the stockholders 
as their share of the profit. This share of profit is known as a 
dividend. They are usually declared and paid quarterly, and 
are stated and paid in terms of a certain percent of the par value 
of the stock, as a 2% quarterly dividend, or they may be quoted 
as so much a share, as $2,00 a share quarterly dividend. 

Common Stock.—The regular stock of a corporation is known 
as common stock. It carries with it no special preferences with 
regard to the distribution of profits or of assets. Whatever profits 
are left after dividends on preferred stocks are paid may be dis¬ 
tributed among the common stockholders. 

Preferred Stock.—Some stock, in order to attract the more 
conservative investor, carries a guarantee to pay dividends before 
any profits are distributed to the common stockholders. It also 
may carry preference with regard to the distribution of assets in 
case the business is dissolved. Some preferred stock carries the 
provision that, in case the dividends are not paid when they 
should be, the unpaid dividends will be allowed to accumulate 
and will be paid before any dividend is paid on common stock. 
This is known as cumulative preferred stock. 

Market Value.— For those interested in buying or selling stocks, 
the market value is more important than is the par value. The 
market value is the price at which it may be bought or sold and 
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depends upon a number of factors including whether or not it 
pays a good dividend. A stock exchange is a place where stocks 
are bought and sold, the members of the exchange acting as 
brokers for those who are the actual buyers or sellers. 

Brokerage Charges. —The members of the stock exchange, 
acting as brokers for those trading stock charge a fee known as 
brokerage.’* The fe^s for stocks bougV^t or sold on the New 
York Stock Exchange are: 


$7.50 per 100 shares for stock sellirijr under $10.00 per share 

12.50 “ 100 “ “ “ ' from 10.00 to hot not incliiding $25.00 


15.00 ‘‘ 100 “ “ “ 

17.50 100 “ ‘‘ 

20.00 100 “ “ ‘‘ 

25.00 '' 100 “ 

30.00 '' 100 “ 

35.00 “ 100 “ 

40.00 100 “ 

45.00 '' 100 '' “ 

50.00 100 “ “ 

55.00 “ 100 '' 

60.00 “ 100 '' “ “ 


<i 

25.00 “ 

U It 

ft 

50.00 

a 

50.00 “ 

it li 

({ 

75.00 

it 

75.00 “ 

tt tt 

it 

100.00 

{{ 

100.00 “ 

tt tt 

tt 

200.00 

ti 

200.00 “ 

tt tt 

tt 

250.00 

n 

250.00 “ 

tt tt 

tt 

300.00 

tt 

300.00 “ 

tt tt 

tt 

350.00 

tt 

350.00 “ 

tt tt 

tt 

400.00 

u 

400.00 “ 

tt tt 

tt 

460.00 

n 

450.00 “ 

tt tt 

tt 

500.00 

u 

500.00 “ 

tt tt 

tt 

550.00 


stock Transfer Tax.— In addition to paying the brokerage 
charges, the seller, and sometimes the buyer of stocks, must pay 
a Federal tax and, in New York, a state tax. 

The Federal Stock Transfer Tax rates are: 

For stock selling at less than $20.00 per share 
4^ per $100 of par value or 
per share if no par value 

For stock selling for more than $20.00 per share 
5^ per $100 of par value, or 
5{f per share if no par value 


The New York States Stock Tax rates are: 
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fractional part of $100 remaining is taxed as if it were a full $100 
of par value. 

Round Lots and Odd Lots.—Most trading is done in units of 
100 s’ ares, such lots being known as Round Lots. When fewer 
than 100 shares is traded, or if a total number of shares traded in a 
transaction is not divisible by 100, the fractional part of 100 shares 
is known as an odd lot. Federal and New York State taxes are 
charged to sellers in all transactions and the buyers of odd lots only. 

Computing the Cost of Stocks.—There are four steps in com¬ 
puting the cost of a lot of stock. They are: 

1. Base Cost. 

Multiply the price by the number of shares bought. 

2. Brokerage. 

Multiply the brokerage fees by the number of shares 
bought. 

3. Taxes, if any. 

If an odd lot, calculate the Federal (and if trading is done 
on New York Stock Exchange, the New York State tax) 
stock transfer tax. 

4. Total Cost. 

Add brokerages and the taxes, if any, to determine the 
total charges and add this to the base cost. 

Illustration; A man bought 250 shares of a stock, the mar¬ 
ket price of which was 136|. What was the total cost? 

The cost would be calculated as follows: 


1. Base Cost $136.75 X 250 equals. $34,187.50 

2. Brokerage. 250 shares X tVtt equals. $62.50 

3. Tax on odd 50 shares— 

Par value of stock is $100 per share 


60 shares X . 05 equals $2.60 Federal Tax 
60 shares X . 04 equals 2.00 New York Tax 

Total Tax. $ 4.60 

Total Charges. 67.00 

Total Cost 


$34,254.60 
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It should be noted that if this transaction had been for o round 
lot, the number of shares divisible by 10*0, no tax would have had 
to be paid. 

Computing the Proceeds of a Sale of Stock.—There are also 
four steps in computing the proceed^ froiii a sale of stock. They 
are: 

1. Total proceeds. Multiply the selling piice per share by 
the number of shares. 

2. Brokerage. Multiply the number of shares by the broker¬ 
age rate. 

3. Taxes. Calculate stock transfer taxes on all shares sold. 

4. Net Proceeds. Add the brokerage to the taxes to determine 
the total charges and deduct the total charges from the gross pro¬ 
ceeds. 

Illustration : If a man sold 500 shares of a no-par-value stock, 
the market value of which was 42| per share, how much did he 
receive? 

The proceeds would be calculated as follows: 


1 . Total proceed^ . ^ 

42.375 X 500. 

2. Brokerage: 

$15.00 x iSS-. 

3. Taxes: 

500 X .05 = $25.00 Fed. Tax 
600 X .04 = 20.00 N. Y.S. Tax 

. ... .. 45.00 

Total Tax.. 

120.00 

Total Charges. .. 

$21,307.50 (Am.) 

r • u the nercent of income received 
Yield.—The rate of Y*® V This may be determined 

in terms of the actual cost o e s • (including charges) 

by occulting the ^ ^ per eh»e. 

and dividing the dividend per share y 
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Illustration: A given stock selling at 136 J pays a dividend 
of $9.00 per share annually. What percent of the income does it 
yield? 

At the price quoted above, the total cost of one share 
in round lots is: 


Base Cost. $136.75 

Brokerage. .25 

Total cost per share.$137.00 


$9.00 4- $137.00 = 6.57% per share (Ans.) 


Listed and Unlisted Stocks.—Leading stock exchanges do not 
permit the trading of all stocks on the floor of the exchange, but 
rather restrict the trading to those that are listed by the exchange 
after an investigation into the corporation issuing the stock. 
These stocks are known as listed stocks. Other stock may be 
bought and sold with or without the services of a brokerage, but 
may not be traded on the floor of an exchange not listing them. 
These are known as unlisted stocks. 

Short Selling.—The practice of selling stocks before the seller 
actually owns such stock is known as short selling.” The short 
seller hopes to make delivery of stock sold short by buying the 
stocks at a price lower than that at which he sold such stock. 
Because he is interested in having the price of the stock go down 
he is known as a bear.” The trader who buys first is said to be 
** long ” on stock and hopes to sell at a price higher than he 
paid. As he is interested in the market going up, he is known 
as a bull.” 

Illustration: A man sold short 1000 shares of a no-par-value 
stock selling at 51|. He later bought enough stock to cover at 
49f. How much did he make on the transaction? 
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Stock sold: 

1000 shares @ 511 = 

Brokerage. $17.50 X 10 
Tax: 

1000 X .05 = $50.00 Fed. Tax 
1000 X .04 = 40.00 N. Y.S.Tax 

Total Tax, 

Proceeds. 

Stock bought: 


1000 shares @ 49J. $49,750.00 

Brokerage. $15 X 10 == $150.00 
No Tax. 

Total Charges. 150.00 


$175.00 


90.00 


$51,125.00 


265.00 

$50,860.00 


Total Cost 


$49,900.00 


Profit on Transaction 


$960.00 (Ans.) 


This may also be calculated more simply by working on the basis 
of one share as a follows: 

Sale Price. $51.125 per share 

Purchase Price. 49.75 ** 


G ross Profit. $1,375 per share 

Charges: 

Brokerage selling. $0,175 

“ buying.15 

Tax, Federal.05 

Tax, N. Y. State. .04 

Total Charges. 

Net Profit. $0.960 per share 

$0,960 X 1000 = $960.00, Total Net Profit. 

Margin.—Many people pay for only a part of the cost of the 
stock at the time of the transaction. They may later pay the 
balance, or may sell when they can make a profit. If the price 
of the stock begins to go down, the brokerage house wiU demand 
more margin and if it is not forthcoming, will sell out the st(Mk 
to protect their own interests. The broker finances the remainder 
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of the transaction by loaning the customer money, holding the 
stock as security. The broker may and frequently does borrow 
money from the bank to assist in financing transactions. The 
money usually borrowed is known as call moneyj so called because 
the banker may demand payment at any time. During boom 
periods when money is in great demand, call money brings a high 
rate of interest; on the other hand, during dull times the rates on 
call money may be very low. 

Bonds.—Governments and private corporations, when they 
borrow money for long periods, issue certificates of indebtedness 
known as bonds. When issued by private corporations, these 
bonds are usually secured by a mortgage on real estate, movable 
property, or by all the assets of the corporation. Bonds differ 
from stocks in that stocks represent a share of ownership in the 
corporation, while bonds represent indebtedness of the corpora¬ 
tion, a liability. 

Bonds are usually issued with a face value of $1000, although 
they sometimes are issued in smaller units such as $500.00, $100.00, 
or even $50.00. They bear interest which is usually payable 
semi-annually; also they have a due date. Some bonds have 
attached to them interest coupons, one for every six-month 
interest period during the life of the bond. These may be clipped 
every six months and cashed at any bank. This type of bond 
is known as a coupon bond. On other bonds, the interest check is 
mailed to the holder of the bond every six months (when the inter¬ 
est is due). This type is known as a registered bond. 

Brokerage.—Bonds are bought and sold through brokers much 
the same as are stocks. A brokerage fee of $1.25 per $1000 par 
value on bonds is charged for those having less than 5 years to 
run, and $2.50 per $1000 par value on bonds having more than 6 
years to run. A Federal Bond Transfer tax of 40f^ per $1000 of 
par value is charged the seller of all bonds. 

Accrued Interest.—Bonds may be sold on the date that 
interest is due and paid or may be and frequently are sold at 
other times. When sold between interest dates, the seller of the 
bond is entitled to the interest that has been earned since the 
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last interest date, but which is not yet paid. This is known as 
accrued interest. • 

Calculating the Proceeds of a Sale.—Tl.erc are four or five 
steps in calculating the proceeds of a sale of bonds. They are: 

1. Market Value. Multiply the quottid price by the par value 

of the bonds being sold. 

2. Calculate the accnied interest and add to the market value. 

3. Calculate the brokerage charges 

4. Calculate the federal Tax and add it to the brokerage to 

determine the total charges. 

5. Deduct the total charges from the market value plus 

accrued interest. If the bonds are sold on an interest 
date, the second step is eliminated as there would be no 
accrued interest. 


Illustration: Ten $1000 Railroad 4^% bonds due in 1965 
with interest, payable on April 1 and October 1, were sold on Sep¬ 
tember 1, 1935, at 107i. What were the proceeds? 

The proceeds would be calculated as follows: 


1. Market Value 

10,000 X 1.0775. 

2. Accrued Interest 

Interest for 5 months @ 4i on $10,000 par value 
10,000 X M X MS- 

Present Value.. 

3. Brokerage 

$2.50 per $1000 of par value equals 

$2.50 X 10 $25.00 

4. Transfer Tax 

per 1000 of par value equals 
40^ X 10 

Total Charges. 

Net Proceeds. 


$10,775.00 

187.50 

$10,962.50 


29.00 

$ 10 , 933.50 


OJimUlting the Cost of Bonds.-Thelo sre three or four steps 
(dopoodiog u^n whether or oot the hoods dre bought o» mterest 
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dates) that must be followed in calculating the cost of bonds. 
They are as follows: 

1. Calculate the market value. 

2. Calculate the accrued interest (if bond is bought between 

interest dates) and add to market value. 

3. Calculate brokerage charges. 

4. Add brokerage fees to present value to determine total cost. 

Illustration: One $1000 5% bond due on June 1, 1940, was 
bought on September 1, 1935, at the rate of 105, the cost would be 
calculated as follows: 


1. Market Value 

$1000 X 1.05 $1050.00 

2. Accrued Interest, 5% on $1000 for 3 months 

$1000 12.50 

Present Value. $1062.50 

3. Brokerage, $1.25 per $1000 par value. 1.25 


4. Total Cost. $1063.75 


Annuities 

Broadly speaking, an annuity is a number of equal payments 
made at equal periods of time. While technically the term 
annuity means ^^annual,” practically the term annuity is applied 
whether the payments are made annually or at other intervals 
such as semi-annually, quarterly, or monthly. 

Contingent Annuities: Basically there are two kinds of annui¬ 
ties; contingent annuities, and certain annuities. Contingent 
annuities are annuities in which the date of the last payment or 
the first payment or both cannot be foretold. Old age pension 
plans are contingent annuities. 

Annuities Certain: Annuities certain are annuities in which 
the dates involved, beginning and ending, may be definitely 
established. There are many types of annuities that are certain, 
one of the most common being the type in M’hich an individual 
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is interested in investing or depositing a fixed sum annually (or 
at other intervals) and desires to knowhow much the money will 
be worth at the end of a given number of years. 


Illustration; Beginning on J ily 1, 1936, a man deposits 
$500 a year at a place where interest is paid annually at the rate 
of 5%. How much of a fund will he have built up after he has 
made his fifth deposit? The deposit da'e and the interest date 
are the same. 

Calculated by Simple Arithmetic: There are several methods 
of determining the amount that will bt; on deposit when the last 
pa)Tnent is made, the most cumbersome being the procedure 
whereby one calculates the interest at the end ot the first period, 
adds it to the principal, adds the new deposit, calculates the interest 
on the total at the end of the second period, adds it to the balance, 
adds the new deposit, etc. Follow this procedure for each year. 

This would work out as follows: 


July 1, 1935 First Deposit. 

July 1, 1936 Interest at 5% on $500 
Second Deposit. 


July 1, 1937 Interest at 5% on $102.).... 

Third Deposit. 

July 1, 1938 Interest at 5% on $1576.25. 

Fourth Deposit. 

July 1, 1939 Interest at 5% on $21o5.06 
Fifth Deposit. 

Total. 


$500.00 

25.00 

500.00 


$1025.00 

51.25 

500.00 


$1576.25 

78.81 

500.00 


$2155.06 

107.75 

500.00 


$2762.81 


. . T Nnturallv this method takes too 

Clcutated by number ol deposits 

'r » eneo^ntcBid frequently, it m 

18 high. If this type P taWes These are pre-computed 

best W,** ,1 OT socumutstes to if deposited at 

tables indicating how mucn (pi. 
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regular periods of time at regular interest rates. The amount 
given in the table is then multiplied by the amount of the regular 
deposit. If annuity tables are not available, this problem may 
be calculated by the use of logarithms. The formula is: 


(1 + 0 " - 1 


X regular payment = Amount of Annuity 


which, in this particular problem, would be: 
(1 + .05)® - 1 


0.05 


X 500 = Amount of Deposit at end of 5th year. 


The solution by logarithms is as follows: 

Log = 1.05 = 0.021189 

X5 

0.105945 = 1.2762 

.-. (1.05)5 = 1.2762, (1.05)5 - 1 = 0.2762 
Amount = .500 X 0.2762 
0.05 

Log 500 = 2.698970 
Log 0.2763 == 9.441381 - 10 

Co-log 0.05 = 1.301030 

3.441381 = Total $2763 (Ans.) 


Note .—This total is Hi greater than the one determined by 
arithmetic. This is due to the slight inaccuracies resulting from 
the use of six-place logarithms. 

Amount of Annual Payment: Somewhat the reverse of the 
problem just presented is that in which an individual desires to 
know how much of an annual deposit he must make at a given 
rate of interest in order to build up a given sunj. This may be 
determined by calculating the amount of annuity of $1.00 for the 
given number of periods and dividing this into the amount desired. 
If annuity tables are available, this amount of an annuity of $1.00 
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at a given interest rate for a given number of periods may be 
readily determined. In the absence of such tables, the problem 
may be worked out by logarithms on the following formula: 


Total amount — 


n + i) 


Illustration: A man chooses to build up a sum of $5000 
over a period of 10 years by making an annual deposit. The 
interest rate is 4% and it may be assumed that the annual deposit 
will be made on the same date that interest is credited. How 
much must be paid annually? The fonnula applied to this 
problem will read: 

(1 + .04) - 1 

$5000 divided by -—-rr- 


Log 1.04 = .017033 
XlO 


.170330 = 1.4802 


(1.04)10 = 1.4802; (1.04)10 _ i = 0.4802 

Log 0.4802 = 9.681422 - 10 
Co.log0.04 1.397940 

1.079362 = 12.005 (Amount of annuity of $1.00 
will equal at end of 10-year 
period) 


Log $5,000 = 3.698970 
Less 1.079369 
2.619608 = 


$416 48 Amount of Annual Payment 

(Ans.) 


Fund- A sinking fund is a fund estabhshed for the 
Sinking xunu. j ux __ makinir some other necessary 

purpose of issues \nd some others, are 

payment. Many industna .jnkine'fund- in fact, the terms 

paid off on their due ^ thfe procedure. The sinking 

of the bond quite frequently require tnis p 
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fund is established by placing in the fund each year an amount in 
cash that if invested immediately at a given rate of interest, will 
accumulate to a sum equal to the total indebtedness on the date 
that the obligation must be paid. The amount of the annual 
payment is determined in exactly the same manner as it was in 
the preceding problem. 

Illustration: A corporation issued $500,000 worth of bonds 
due in 20 years and desired or was required to set up a sinking fund, 
the amount of the annual pajmient, assuming interest at 4J%, 
would be determined by using the following formula: 

(1 045i^® — 1 

$500,000 divided by — — -- 

0.045 

Present Value of an Annuity: The term annuity means annual 
payment. Another basic problem in dealing with annuities is 
that of determining the sum which, placed at a given rate of inter¬ 
est, will make it possible to pay out a given amount each year for 
a given number of years. This is known as the Present Value of 
an annuity. 

Illustration: A man chooses to place at interest a sum that 
will permit him to pay out $1200 per year for a period of four years, 
the first withdrawal to be made one year after the fund is estab¬ 
lished. The interest rate is 5%. How much must he deposit? 

This, in reality, is a problem of calculating the compound 
discount on the sums to be paid. If annuity tables are available 
it will be found that an annuity of $1.00 for 4 periods at 5% is 
3.545950. If an annuity of $1200 is to be available, 3.545950 X 
$1200 = $4255.14, the amount that must be deposited to establish 
the fund. 

If the annuity tables are not available, this problem may be 
worked out with the use of logarithms by following the following 
formula: 


(1 + *)" 


X 1200 
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(1 + . 05 )” 


X $1200 
Log 1.OS 


0.021189 
X 4 


0.08^756 

Subtracted from iog 1 - 1 o 


Log 0.17730 = 9.248709 - 10 
Co-log 0.05 = 1.301030 


9.915244 - 10 - 0.82270 
1 - 0 .S2270 - 0 17730 


0.549739 = 3.546, Amount necessary for annuity of $1 
Log $1200 « 3.079181 


3.628920 = $4255.20, the amount of the fund to be 
established. 


Deferred Annuities: This is an annuity, the payments on which 
do not begin for some time after the fund is established. Such 
an annuity might be established when a child is very young with 
a view toward paying his expenses through college. 


Illustrations I/Ct us assume that in the previous problem, 
the fund was to be established 12 years earlier; or in other 
words, that payments were to be begun 13 years after the fund 
was originally set up. How much must be deposited if interest 
at the rate of 5% per annum will be earned? 

This problem simply involves the calculation of present worth 
of the fund to be set up as of 12 years in advance. If the fund 
normally to be established was $4255.20, a somewhat smaller sum 
wiU suffice if the deposit is to be made 12 years in advance and 
allowed to accumulate at compound interest we will ^^ 5%) 
for all that time. This problem may be solved by determmmg 



926 HANDBOOK OF APPLIED MATHEMATICS 


the present value of $1.00 and multiplying at the present worth 
of the ordinary annuity which in this case is $4255.20. 


= present worth of $1.00, therefore the formula as 


(1 + lY 
applied to this problem is: 


X $4255.20 


(1 + . 05 ) 1 * 

Log 1.05 - 0.021189 
X 12 


0.254268 

Subtracted from log 1=1.0 

9.745732 - 10 = 0.55684 
Log $4255.20 = 3.628920 

3.374652 = $2369.50, the amount that 
must be deposited if the 
annuity is to be estab¬ 
lished 12 years in advance. 

Amortization: Strictly speaking, to amortize means to extin¬ 
guish or liquidate a debt. Actually, however, there are two 
methods of disposing of debts: One, by the sinking fund method, 
which has already been described, and the other by the method 
known as amortization which, in common practice, means to 
liquidate the debt by making a series of equal periodic payments 
which include a part payment on the principal as well as interest 
on the principal outstanding. 

Actually, this problem is another annuity problem in which 
the amount of the periodic payment is to be determined. It may 
be solved simply by dividing the present worth of an annuity of 
$1.00 at the given rate of interest for the given number of years 
into the full amount of the debt to be amortized. If annuity 
tables are not available, this problem which is called that of 
determining the amount of an annuity, may be solved by using 
logarithms, applying the following formula: ^ 

--X debt 


(1 + iY 
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Illustration: A debt of $12,000 is to be amortized over a 
period of 15 years, the interest rate being 5%. How much must 
be paid each year? 

In terms of this problem, the formula would read: 


0.05 


1 


X $12,(XK) 


(1.05)« 

Log of 1.05 =- 0 021180 
X 15 


0.3i:835 

Log of 1 = 1.0 

Less .317835 


0.682165 = 0.48102 
1 - 0.48102 = 0.51898 

Log 0.05 = 8.698970 - 10 
Co-log 0.51898 = . 284848 

Loe 12.000 = 4.079181 . . 

3.062999 = 81156.10, the amount that must be 
paid annually (Ans.) 

D.precl.aon.-™„«, ow™d ^ 

Cash, reooivables, and ^ J ^ Uquldalnd in a short 

and in the normal course Buildings, machinery, 

time. They are known as asse;®' ^ permanent 

furniture, delivery equipmen., > period of years and are 

nature, they are held by ^ ^usmessfor a 

not readily liquidated. uiminess is holding these fixed assets, 
During the time that the through wear and tear, deteri- 

they lose a certain amount o known as depreciation, 

oration, or some other accounting for deprecia- 

There are two fundamental m ^ depreciation 

tion, one is that of entry is made setting certain 

which means that a g ^pt as profits 

amounts up in reserve so method is that 

but not aetually setting^® jnr linking fund to which 
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Methods of Calculating Depreciation.—There are several 
methods of calculating depreciation, the most common being 
(1) straight line method, (2) percentage of book value, (3) sinking 
fund. In applying any of these methods, one must understand 
certain terms. The life or probable life of a fixed asset is the 
length of time (number of years) it is expected to be used before 
it must be replaced. Scrap Value is the estimated value after the 
asset has served its term of usefulness. The life and scrap value 
are usually estimated on the basis of experience and frequently 
with the aid of an expert familiar with that type of article. Book 
Value is the cost less the reserve for depreciation set up against it. 

Straight Line Method .—This method gets its name from its 
graphic representation. It simply means that the cost less scrap 
value is divided by the number of years of estimated life and the 
resulting product represents the amount charged off to depreciation 
each year. No attention is paid to interest that is or might be 
earned on any fund that may be established. This method is in 
very general use, particularly in business organizations where a 
reserve rather than a fund is established. 

Illustration: A typewriter cost $110.00 and had an esti¬ 
mated life of five years and a scrap value of $10.00. If the straight 
line method were applied, what amount of depreciation would be 
charged off annually? 

The depreciation would be calculated and charged off as follows: 

Cost. $110.00 

Scrap Value. 10.00 

$100.00 

$100 5 years (estimated life) = 

$20.00, amount to be charged off annually (Ans.) 

Constant Percentage Method .—This means that a constant 
percentage will be applied annually to the remaining book 
value. The problem being to determine and apply that rate of 
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percent that will vedme the cost to scrap value over the periods 

of expected life. Ihis percent is usually worked out with the 
aid of logaritrims. 


Illustration: A factory machine was purchased for $1200 
and has a scrap value of $24.00 and an estimated life of ten rears. 
What percent of the remaining Iwk xalue should be charged off 
annually? 

The formula to be followed is: 


10 log a: = log 0.02 = 8.301030 - 10 
log X = 9.830103 - 10 
X = 0.6702 

100 — 0.6762 = 0.3238 percent of remaining book value 
to be charged off each year. 

Sinking Fund.—The sinking fund method of calculating and 
charging off depreciation involves annually setting aside in a fund 
an amount that will, when accumulated at the end of the life 
of the asset, be equal to the cost less the scrap value of the asset. 
The calculations involved are the same as in any sinking fund. 


Foreign Exchange 

In its conventional sense, the term Foreign Exchange means 
the commercial paper and instruments used in foreign trade and 
the problems attending the settling of them. The most commonly 

used items are Bills of Exchange. 

Bill of Exchange.— A draft drawn by one party ordering a sec¬ 
ond party to pay to the first party or to a third party a given si^ 
of money is a bill of exchange. When such drafts are used for 
domestic exchange, they are usually knowli as checks, or drafts. 
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When they are used in foreign exchange, they are called foreign 
drafts or, more frequently, foreign bills of exchange. Bills of 
exchange may be payable on demand or they may be payable 
at a later date, the most common times being 30, 60, or 90 days 
after date. 

Cables.—Orders for the transfer of money abroad that are 
transmitted by wire are known as telegraphic transfers or, more 
frequently in the United States, as cables. They are not bills of 
exchange in the strict sense of the term because they are not writ¬ 
ten bills and not negotiable instruments, but they are used ex¬ 
tensively to take the place of bills of exchange because of the 
speed with which a transaction may be completed. If a regular 
demand draft is drawn and mailed, several days will elapse between 
the time it is mailed in this country and the time it is delivered in 
a European country or almost any other foreign country. The 
same transaction may be completed in a few minutes by using a 
“ cable ” instead of a regular draft. 

Bujdng and Selling Foreign Exchange.—Foreign exchange is 
handled through bankers who sell exchange at whatever it will 
bring at a given time, and will buy it for whatever it is worth in 
terms of current values. In normal times the basic rate of ex¬ 
change is likely to be very close to the par value of the foreign 
money with variations within limits being caused by supply and 
demand. If the rate varies too widely from par, it is cheaper to 
ship the money than to use exchange. In abnormal times such 
as war periods and depression periods, the rate of exchange may 
vary widely from par. Because of the widespread use of cables, 
the basic rate is usually quoted in terms of the rate for cables with 
other forms of exchange (demand 30-, 60-, or 90-day drafts) being 
usually worth a little less. The following is a table of quotations 
from the New York World-Telegram on October 7, 1935. It 
shows present par values (don’t forget that the American dollar 
has been devaluated) along with current quotations on cables. 
A more .complete table would show not only cable prices, but also 
demand rates, 30-, 60-, and 90-day rates. 
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Great Britain^* 

Parity. 

$8.2397 Sterling:— 

Cables.. 4.93i 


Europe 

6.6335 France, cents a franc. 

Cables. 

40.3325 Germany, cei*ts h maik. 

Cables. 

16.9501 Belgium, cents beiga. 

Cables. 

32.6693 Switzerland, cents a franc. 

Cables. 

8.9112 Italy, cents a lira. 

Cables. 

45.3740 Sweden, cents a krona. 

Cables. 

45.3740 Norway, cents a krone. 

Cables. 

45.3740 Denmark, cents a krone. 

Cables. 

32.6693 Spain, cents a peseta. 

Cables. 

68.0567 Holland, cents a florin. 

Cables. 

87.125 Russia, cents a gold ruble. 
Cables. 


6.581 

40.21* 

lG.84i 

32.48 

8.07 

25.44 

24.79 

22.03 

13.66 

67.87 

86.68 


North America 


$1.693125 Canada, cents a dollar. ^ ^2 

Demand. . 

84.40 Mexico, cents a silver peso. §5 

Demand. 


South America 


71.8724 Argentina, cents a paper peso. .27.12 

Free Inland.. * •;. 

20.2550 BrazU, cents a paper milreis. . ^ ^ 

Free Inland.. 


^ Nominal. 
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20.5990 Chile, cents a gold peso. 

Cables. 6.19 

$1.6479 Colombia, cents a gold peso. 

Cables... 62.00 

47.40 Peru, cents a sol. 

Cables. 24.76* 

$1.7510 Uruguay, cents a gold peso. 

Free Inland. 46.00 

Far East 

- Shanghai, cents a silver dollar. 

Cables. 29.50 

- Hong Kong, cents a silver dollar. 

Cables. 32.25 

84.3957 Yokohama, cents a yen. 

Cables. 28.80 

61.7978 Calcutta, cents a rupee. 

Cables. 37.28 

50.00 Manila, cents a silver peso. 

Cables. 50.02 


Above unofficial approximate parities are based on the new gold value of 
the United States dollar. 

♦ Nominal. 


United States Money.—The dollar was established as the 
unit of United States money by an Act of Congress on August 8, 
1786 and the subdivisions and multiples of this unit as then estab¬ 
lished are: 

10 mills make 1 cent 
10 cents make 1 dime 
10 dimes make 1 dollar 
10 dollars make 1 eagle 

Since the denominations increase and decrease in a tenfold 
ratio, the United States money may be expressed according to the 
decimal system of notation and added, subtracted, multiplied, and 
divided in the same manner as decimals. The character $ before 
a number is used to indicate this money. Since the dollar is the 
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unit, the decimal point must follow the number signifying dollars 
and precede the number signifying dimes. Thus, $6,535 signifies 
6 dollars, 5 dimes, 3 cents and 5 mills. Eagles and dimes are not 
regarded in business transactions, paglc.s being called tens of 
dollars, and dimes tens of cents. Hence a practical table of 
U. S. money is 

10 mills make 1 ceni- 
100 cents make 1 dollar 


English Money. —The pound sterling is the unit of English 
money. The smaller denominations (the shilling and the pence) 
do not decrease by a tenfold or decimal system but rather by an 
arbitrary basis. The following is a table of English money: 


English Money 

4 farthings = 1 pence (d) 

12 pence = 1 shilling (s) 

20 shillings = 1 pound sterling (£) 


To find out how much English money will be exchanpd for a 
given quantity of American money, it is necessary to di\nde the 
number of dollars by the value of the pound. If there is a decimal 
in the result equate it into shillings and pence. 

Illustration: A man wants to exchange $500 for as much 
iLLUSTRAiiow. Assume that the English 

pou* 

pence will he receive: 

500 -$4.90 = 102.04 = 102 £, nos, 10 d. (Ans.) 

decimal system as a basis to 
lowing is a list of them: 
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Country 

Principal Unit 

Its One- 
Hundredth Part 

Fraace 

franc 

centime 

Belgium 

franc 

centime 

Switzerland 

franc 

centime 

Italy 

lire 

centime 

Greece 

drachma 

lipta 

Spain 

peseta 

centime 

Finland 

mark 

penni 

Germany 

mark 

pfennig 

Bulgaria 

leva 

statinki 

Servia 

dinar 

paras 

Venezuela 

bolivar 

centime 

Argentine 

peso 

centavo 


To find how much foreign money will be exchanged for a given 
quantity of American money, it is necessary to divide the number 
of dollars by the value of the foreign unit. When dealing with 
the above listed monies, the decimal equals the number of coins 
of smaller denomination. 

Illustration: A man wants to exchange $50 for as much 
French money as he can get. Assume that the franc is quoted at 
.0659. How many francs and centimes will he receive: 

50 .0659 = 758.72 = 

758 francs, 72 centimes (Ans.) 

Method of Quoting.—Exchange may be quoted (1) on a pre¬ 
mium and discount basis, (2) on a direct price basis, or (3) on an 
indirect price basis. 

Domestic exchange is always quoted on a premium and dis¬ 
count basis, and some foreign moneys of the same denominations, 
such as the Canadian dollar, are usually quoted that way. 

Illustration: Canadian dollars are quoted at 4/25% dis¬ 
count. How much would be paid for $1000 exchange to Canada? 

$1000 - 4/25% = 

$1000 - 1.60 » $998.40 (Ans.) 
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Direct Price Basis.—This method ^means that exchange is 
quoted in terms of how many cents or dollars must be paid per 
unit or per 100 units of a foreign money. English money has 
always been quoted this way in the. United States and at present 
practically all foreign monies arc quoted thi.s way. If the quota¬ 
tion for the English pound is 4.865, i» means that four dollars and 
eighty-five and one-half cents must be ’oaid for every English 
pound sterling one w^ants to buy or that time amount will be paid 
for any which a customer has to sell. 


Illustration: A man owes a bill of 627 pounds in England 
and must buy sterling with which to pay the bill. How much 
must he pay if the pound is quoted at $4,855? 

He will multiply the current price (4.855) by 627 in 
order to determine how much he will have to pay. In this 
case, it would be 4.855 X 627 - $3044.085 ($3044.09) (Ans.) 


Illustration : Another man sold goods amounting to $6827.62 
to an English firm. How many pounds sterling would the English 
firm have to pay to settle the debt? 

The English firm would divide the $7827.62 by 4.855 to 
determine the number of pounds sterling it would have to pay 
to settle. In this case, the answer would be: 

$7827,62 -T" 4.855 = 1612.28 pounds (Ans.) 

Indirect Price.-Many foreign monies are, or used to 

exchange tran^cimns 

or firm in one country to an payment of such 

The« ar. three metho^ - t" 

goods, (1) payment with the order, w 
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drawn on when goods are ready to be shipped, and (3) draft drawn 
at time of shipment. A fourth type, open account, could be 
mentioned but it is used rarely and then by firms who have been 
doing business for extended periods. 

Payment with Order.—Under this plan of payment, the pur¬ 
chaser sends exchange with his order. It really amounts to pay¬ 
ment in advance and is seriously objected to by most purchasers. 
It is not generally used, but at times it seems justifiable. If an 
American firm were buying goods in Germany on such terms, it 
would be necessary for the American firm to buy a foreign draft 
(bill of exchange) payable on demand and attach it to the order 
for the goods. The draft would be for the total purchase price of 
the goods calculated in the foreign money. 

Illustration: An American firm orders goods from Germany. 
The goods were of such a nature that the German firm demanded 
payment with the order. The order would amount to 325 marks. 
How much must be sent if the marks cost 40.25 cents? 

325 X 40.25 cents = 

325 X 0.4025 = $130.81 (Ans.) 

Establishing Credit.—Establishing credit to be drawn against 
is required when a firm selling goods to a foreign customer desires 
to be certain that the goods will be paid for when they are ready to 
ship. This is used when the purchasing firm is not well known, 
and particularly when the goods must be made to order. 

Illustration: If a French firm ordered goods to cost approxi¬ 
mately $1200 under such terms, it would be necessary for the 
French firm to have its bank establish the necessary credit in a 
New York bank against which the American firm may draw when 
the goods are ready for shipment. When the goods are ready for 
shipment, the selling firm draws a draft against the established 
credit. The draft the seller draws must be accompanied by the 
shipping documents. 

How much will the necessary credit cost if the franc is worth 
6.59 cents. 

$1200 .0659 = 18,209 francs, 8 centimes. (Ans.) 
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Draft with Shipment.—The draft drawn at the time of ship¬ 
ment is the procedure in most general use. The draft is drawn on 
the foreign customer when the goods arc ready to be shipped. 
The draft usually has all shipping docunumts attached. These 
documents are (1) Commercial Invoice, (2) (Consular Invoice 
(not required in some countries), (3) Export Declaration, (4) Ocean 
Bill of Lading, (5) Marine Insurance Certificate or Policy. These 
drafts may be payable ot sight or 30 days, 60 days, or 90 days 
after sight (or less frequently, at other periods of time). Sight 
drafts (or on demand) are usually marked I)/I^ meaning documents 
are endorsed and delivered at the time the buyer accepts the draft. 
The purchaser cannot claim the goods until these documents have 
been endorsed and delivered to him. 


Illustration ‘ A firm in Italy sold an American firm an 
invoice of goods amounting to 1726 lira. Upon shipment of the 
goods, a 60-day draft was drawn. How much did the American 
firm have to pay if the rate of e.\chaiige was 8.15i? 

1726 X 8.1525 cents = 

1726 X .081525 = $140.71 (Ans.) 

Posted or Nominal Rates.-Thc rates listed in the above table 
show what are known as “Actual ” rates and are used by bankers, 
regular traders in foreign exchange, and dealers m 

^gWy higher rete to the “ectuJ ” This is caiied the Posted 

" TrJ^^Moaey.-In order to safeguard his funds, tte aver- 
iraveiers mo jf checks rather than regular cash, 

age traveler carries ra American Express, by some banks. 

These checks are issued y ^ prospective 

and by some Jurist companies. 

travelers in denominations Identifica- 

at the rate of 7H Jundr^^^ ^otoX V 

tion is established by having ^ 

presence of the person ^ anywhere in the world 

dollar denominations and time of cashing, 

at whatever may be the current rate at 
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Illustration: A traveler cashed a $50.00 travelers^ check in 
England. The rate was 4.90. How much did he receive? 

$50 4.90 or 10.20 pounds, which equals £10 4s. (Ans.) 

Postal Information 

The Post Office Department issues the United States Official 
Postal Guide, and, from time to time, special circulars containing 
changes in the postal regulations or rates. The Postal Guide is 
the chief source of postal information. It contains postal rates 
and regulations, classes of mail service, rates for foreign and 
domestic mail, and a complete list of post offices and stations in 
the United States and its possessions, arranged alphabetically by 
states or possessions, with office number, location, and unit 
number for each station. 

Classes of Mail. —Mail for delivery in the United States or its 
possessions, which mail is known as domestic mail, is divided into 
four classes, according to weight, contents, and method of wrap¬ 
ping or enclosing. The rates for each class differ, but all charges 
must be prepaid by the sender. The four classes of domestic 
mail are as follows: 

First-Class Matter: (1) All typewritten or handwritten matter 
and all sealed matter, for which the rate, for other than local 
delivery, is 3 cents for each ounce or fraction thereof; for local 
delivery, 2 cents for each ounce or fraction thereof. (2) Govern¬ 
ment postal cards, for which the rate is each. (3) Private 
mailing cards, or post cards, for which the rate is each. 

Illustration: A man mailed fifteen sealed letters including 
only one letter addressed for local delivery, and five post cards. 


What was the amount of postage used? 

The charges are as follows: 

1 first-class letter, local delivery @ 2ff. $0.02 

14 first-class letters for other than local delivery @ . 0.42 

5 post cards @ . 0.05 

Total Postage... $0.49 (Ans.) 
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Second-Class Mailer. —^Newspapers, magazines, and other 
periodicals containmg notice of second-class entry. If sent by 
persons other than the publishers or news agents and if they are 
complete. Iff for each two ounces or fraction thereof is charged. 
If sent by the publisher or news tiie rate is Iff per pound. 


iLLtfSTBATiON : A man mailed to a fnerid a copy of a magazine 
weighing 12 ounces. How much postage did he pay? 

12 ounces (a) per ounce = 12!^ (Ans.) 

Third-Class Matter.—(!) Circulars, misceuaneous printed 
matter, merchandise, for which the rate is lU for each two ounces 
or fraction thereof, the limit of weight being 8 ounces. By com¬ 
plying with certain postal regulations, this rate may be reduced to 
Iff for each two ounces or fraction thereof. (2) Books (including 
catalogues) of twenty-four pages or more, seeds, cuttings, bulbs, 
roots, and plants, for which the raU is Iff for each two ounces or 
fraction thereof. (3) Bulk lots of identical pieces mailed^ 
quantities of not less than 20 pounds or 200 pieces, for which the 
rate is 8ff a pound or Iff per piece for items listed m the Preceding 
section. (4) Bulk mailing of all otl.er third-class matter, for 
which the rate is 12ff a pound or fraction thereof. 

Illustration; 1480 letters were mailed, all identical except 
.«d weighing dightly leee than 2 ennees e»=h. 

What was the cost of maOiugi 

1480 X Iff = $14.80. 

The privilege ot bulk mailing is obtained by application to the 

local postma,ster. Fourth-class mail is known better 

Fmrth.Clms ^^udes a 1 mailable matter weighing more than 
as parcel post. It include^ „,atter. No package 

eight ounces, except firs^ exceeds one hundred inches m 

will he accepted for uiading "I"* «,enty 

length and girth combmea, o 
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pounds. (2) The rates for parcel post depend on two things: 
the weight of the parcel, the distance which it is sent. Distances 
are classified by zones. The rates in the different zones are as 
follows: 


Zones 

First Pound or 
Fraction of Pound 

Additional Pounds 

Local 


Iff each 2 lbs. or fraction 

1-2 

U 

1 . Iff “ pound or fraction 

3 

H 

2 ^ it it it it 

4 

m 

3 . 5 ^ “ 

5 

m 

6 . 3 ^ “ “ “ ** 

6 

m 

a a u it 

7 

m 

9^ “ “ 

8 


11^ « a u u 


Illustration: A package was mailed weighing 7] pounds 
and addressed to the 6th zone. How much postage was paid? 
The charges are calculated as follows: 


For 1st lb. addressed to 6th zone. 0.12 

For 6 J lbs. (counted as 7) addressed to 6th zone .0 49 

Total. 0.61 (Ans.) 


Special Delivery.—Special delivery mail leaves the post office as 
regular mail, but when it reaches the receiving post office it is sent 
out immediately by special messenger, saving often many hours 
before the next regular delivery. 

Special Delivery must be conspicuously marked on the face 
of the envelope or postage. The rates for special delivery are: 

First Class Matter: 

up to 2 pounds: 10^ 

over 2 pounds and not more than 10 pounds: 20^ 
over 10 pounds: 25^ 

For Other than First Class: 
up to 2 pounds: 15^ 

over 2 pounds and not more than 10 pounds: 25^ 
over 10 pounds: 35^ 
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Illustration : A letter addressed outside the local conimunity 
weighing less than an ounce is mailed special delivery. What are 
the charges? 

The charges are as follows; 


Begular Postage.0.03 

Special Delivery. . .10 

Total. 0.13 


Special Handling.—When fourth-class matter must be sent 
with a greater speed, a special-handling charge is made which will 
give a service equivalent to first-class mail. However, it does not 
include special delivery service; this, if desired, must be paid for in 
addition to the special-handling charge and regular postage. Ihe 
rates are: 


up to 2 pounds: 10?i 

over 2 pounds and not more than 10 pounds: IH 
over 10 pounds: 20fl 

It should be remembered that all special 
i«t .pecial delivery, and speeial handliB*) a« charged le. 

in addition to regular postage. 

A nackace was mailed addressed to the 3rd 
Illustrawon. a pacKage w ,< _,:„i handling.” How 
zone, weighing 4§ lb. and marked special hancu g 

much postage was paid? 

The charges are calculated as fo 

_ Q, .$0.09 

For first pound add^ to . ^ 

For 3J (counted as 4) additional po ^ 

Regular Postage. . 0 20 

Charge for Special Handling. , ^ ^ 
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Registered Mail.—^When the sender desires to send valuable 
articles and have the addressee receive the package, and no one 
else, he should register it. A complete receipt system is used on 
registered mail so that the last person who handles a package can 
be held responsible. 

For each registered package, the sender is given a receipt 
which he should keep until he receives word that the package 
has been delivered. If the package is lost or damaged, the 
receipt is used by the sender in claiming damages from the 
government. 

When a return receipt is requested by the sender, an additional 
fee of 3ff is charged. A delivery receipt with the signature of the 
receiver will be mailed to the sender. The minimum charge for 
registration is for $5.00 valuation and ranges up to $1.00 for 
$1000 valuation. 

IiiLUstration: A “ First Class " letter weighing three ounces 
addressed to someone in the United States is registered—valua¬ 
tion set at $5.00. A return receipt is requested. What are the 
charges? 


The charges are as follows: 

3 ounces @ Zi per ounce.0.09 

Registry (up to $5.00 valuation)..... 0.15 
Return Receipt. 0.03 

Total Charges.0.27 


Insured Mail.—^When the contents of a package is not so valu¬ 
able as to entail absolute delivery as in registered mail, but still 
the sender desires compensation in case of loss, he may insure the 
package. A receipt is given by the clerk at the post office when 
insuiing mail. Only third- and fourth-class mail may be 
insured. 
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losuraace fees are as follows: , 

Valuation of $ 5.00 or less 5^. 

“ “ 25.00 “ “ 10(* 

“ “ 50.00 “ “ 15e R-ud so on up 

Illustration: A parcel weighing 14 ounces is sent by air 
mail. It is insured for $50 00 and is to go ' special delivery.” 
What are the charges? 


The charges are as follows: 

14 ounces @ 6ji per ounce 
Insurance, Value $50.00.. 
Special Delivery. 

Total Charges. 


$0.84 

0.15 

0.10 

$1.09 


Illustration: A man mails a par^l ® 

to a destination in the fourth zone. He msums it or $25.00 and 
desires “ special handling.” What are .he charges? 

Total Weight, 8 lbs. 

1 lb. .. 

71b. .. 

$0.35 

Insurance, $25.00 valuation.... ^ 

Special Handling, 10 lbs. __ 

$0.60 

j * A nostal money order is an order drawn 
Postal Money <^^®^'"",t^^lraering the first to pay a special 
by one post office by ^ „£ money. It is used by 

person or his order ^ . Peeking account and choose to send 

persons who have no regular cbecu g 
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a sum of money by mail. There are two types: domestic and 
international. 

A money order is procured by making out an application blank 

VonnNo.0001 

POST OFFICE DEPARTMENT 

THIRD ASSISTANT IHMTMASTER GENERAL 
DIVISION OP MONEY ORDERS 


The PdstmaBttf 
frill ineert 


hece.._ 

the otnbe drawn oil when the ofQce named by * - i 

the remitter in the body of thfa application to not a Money uitier omce. 

Spegfe abf tlAi Bp« f br thf Pertnie«tir*« wcitdUe filUd in by him 

Application for Domestic Money Order 

Spaeen beloir to be filled ia by pfirchneer, 0r» if nncnooary, 
by another pereon for bliii 

Amount^ . 

__...._Dollat8..fA:K.Cents 

Per to 
Ord«rofj 



<Nu^of eoMQOor lltm for Whom oHmt ia 


ig&UD^) 


_ 


.StIMt 


State.. 


M ^ ^ (Nnm^ofMBder) 

No. 



...Street 


PAYEE 
Ve-7iM 


Fiq. 8.—Application for Money Order 


Upon which is written the amount of money to be sent, the name 
and address of the person who is to receive the money (to whose 
order the money order must be drawn) and the name and address 
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of the sender. The application, together with the money, k given 
to the special clerk who, in turn, makes out tlie money order. 
The charge for domestic money orders are as follows: 


For orders exceeding 


$ 

2.50 


Exceeding $ 2.50 and not exceeding $ 

5 00 

H 

a 

5.00 “ 

a 

u 

10 00 

lU 

it 

10 00 “ 

ti 

1 i 

20.00 

13?; 

it 

20.00 “ 

il 

li 

40.00 

15c 

i( 

40.00 '• 

it 

(' 

60.00 

18c 

a 

60.00 “ 

it 

ti 

SO. 00 

20?; 

it 

80.00 “ 

H 

it 

100.00 

22?; 


Illustration; A man sent a money order for $63.20 to an 
out-of-town destination. What amou.nt did he have to give to 
the postal clerk? 

This would be calculated as follows ; 

Amount of Money Order. $63.20 

Charge for Money Order. 0.20 

Stamp. ^ 

$63.43 


C O D Mail -Packages may be sent by mail collect on deUv- 

ery Tte ^n..n «8e, '"‘‘XT 

It r«r« all other ch«ge., before he le penBitted 

to etamine the oontente md sealed matter of 

Domeatie thod- rmd fourth „„e.t,ble 

any class may be sent o. . . by 

oir . single C.O.D. amount cqulvdent to 

the sender against loss or damage 
the actual value up to $100.l)U. 
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Illustkation : A man ordered good^ to be sent C.0.1>\ parcel 
post from a mail order house. They were mailed to the third 
zone, weighed 15 lbs. The invoice amounted to $97.50 before 
postage charges were added. While the luaii order house must 
pay the mailing charges when the goods are mailed, it was under¬ 
stood that these charges were to l)e added to the customer's bill. 
How much was collected by the custuiiier: 


This is calculated as folV^ws: 


Invoice not including postoge. W .50 

Postage charges: 

For first pound to 3rd zone ^ . H 

For 14 additional pounds to 3rd zone @ 2^. 2H 

Postage Charges. 

Amount to be received by mad or& r house. $97.87 

Charge for Money Order. 0.22 

Amount to be collected from customer. $98.09 


Air Mail—If speed is the greatest factor in sending a piece of 
mail, such matter can now be quickly 

of the United States and some foreign countries ^ . 

course, this method is the most cx^nsive, and ^"y ^ 

e^eept th.t 

The services of special delivery, f . 

to air mail at the same ^ Packages weighing 

up to 70 pounds may be sem uy 

and girth in the world to which 

Foreign States. To most Eur^ 

one cannot send a letter ^ agreement with the 

pean countries which hav wign countries, the letter rate 

United States, and to mos o ,^dditional ounce or fraction 

Is Stl for the first ounce and Sfi for eac 
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thereof. Where United States has reciprocal treaties, the domestic 
rate applies. Most South American countries have and some 
others fall in this group. 


Freight Shipments 

Freight is one of the least expensive methods of shipping goods 
and is used in the shipping of all sorts of commodities, the speed 
of delivery of which is not vitally important. 

The principal document used in freight shipments is the bill of 
lading. It is issued in triplicate and contains (1) the name of the 
consignor (the one shipping the goods), (2) the consignee (the one 
to whom the goods are shipped), (3) weight, description, and other 
essential factors about the goods being shipped, and (4) directions 
pertaining to the route over which the goods should travel. It is 
the agreement between the shipper and the carrier whereby the 
carrier agrees to deliver the goods to the consignee. 

The three copies of the bill of lading are called (1) original, 
(2) shipping order, and (3) memorandum copy. After being duly 
signed by both the shipper and the carrier, the original is for¬ 
warded to the consignee, the shipping order is retained by the 
carrier, and the memorandum copy is retained by the shipper for 
his files. 

There are two kinds of bills of lading: (1) straight, and (2) 
order. The straight bill of lading is the most commonly used 
and is not negotiable. It is used when the terms of payment have 
been satisfactorily adjusted between the consignor and consignee, 
and where delivery of goods is not contingent upon pa 3 nment for 
them. 

The order bill of lading is negotiable and is used when the 
consignee is to pay for the goods before they are delivered to him. 
When it is used, the original (instead of being sent direct to the 
consignee) is forwarded (usually with sight draft attached) 
through banks to his bank where he is asked to pay the draft. 
When this is done, the bill of lading is endorsed to him and with 



BUSINESS MATHEMATICS 


949 


it he may claim hi? goods at the freight depot. This form of bill 
of lading is also used in connection with reconsignment and diverg¬ 
ence procedures. 

Freight Rates.—The charges ma-^c by tlw carrier are based on 
a hundred pound minimum, by less than carload shipments (l.c.l.) 


(IWIm DmmMc Slniglil OIU.1 LMUm % CwUm In OScIni. SMlk«n Mil V^ ...mii r^lk-.iM imHIwi. 

THIS SHIPPING ORDER 

CwboB. tnd rctalBi-j by th>: 


!• M.fdiU.llS. MunuididAiigwitl. mo.) 




Fig. 10.—Bill of Lading 


and per car rates 

charges are based on we g impossible for a railroad 

which is the most advantage's. As^^t > 

to know just how much it c ^ Pennine how much it is worth 
are established by endeavoring to determ 
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to the customer to have the goods transported. Hence it costs 
much more to transport a carload of silk than it does to 
transport a carload of sand. There are two kinds of rates, 
commodity rates and class rates. Commodity rates are charged 
when goods are shipped in large quantities. Class rates are 
charged on all types of articles which are classified into several 
different groups. 

Freight Tariff Book.—This gives the classification of all articles, 
the names of all railroad depots, and the rate to be charged between 
them. 

To use this book, one must look up the classification of his 
article, then look up to cost of transporting that article from the 
shipping point to the destination. 

Illustration: A manufacturer of shoes finds that the 
rate to ship shoes from his point to the point of destination 
is $2.75 per cwt. How much will it cost him to ship 10 cases 
weighing as follows; 141, 142, 141, 143, 145, 135, 135, 137, 138. 
132 lbs.? 

This will be calculated as follows: 

10 cases weigh 141 

142 
141 

143 
145 
135 
135 

137 

138 
132 

Total weight 1389 

1389 X 2.75 -3- 100 = $38.19 Total Charges 
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Express Shipments 

The cost of express shipments is calculated in about the same 
manner. The American Railway Express classifies goods as 
first, second, or third class, and has about 300 different scales of 
rates, each designated by a block number. The scale of rates 
applies to any particul?;^r commodity and depends upon distance, 
weight, size, value, and whether or not it is fragile or perishable. 
In truck shipment, rates are not so w^ell standardized and depend 
on many factors, freque ntly competition having much to do with 
them. They are usually quoted in terms of weight,, however, and 
are calculated just as are the other types of shipments. 


Taxes 

A tax is an amount collected from individuals, firms, or smaller 
governments by a governmental unit for purposes of meeting its 
expenses, operating its institutions, and reducing its indebtedness. 

The amount of tax to be collected is determined by preparing 
a budget in the preparation of which each department or division 
estimates the amount it will expend during the next fiscal year. 
The various departmental estimates are then grouped m order to 
determine the budget for that governmental unit. The policy is 
followed in aU governments whether they be city or town, ^unty, 
state or Federal government. Upon completion of the budget, 
officials decide the amount that must be collected and the sources 

from which it will be collected. 

Wstration: The officials of a small New England 

the budgetary needs for the next year would te 
estimated the budg y ^ would 

those listed below. They aMima 

probably be """^w much must be raised from 

estate and personal property. 

these sources? 
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Estimated Expenditures: 


State Tax.$3,133.00 

County Tax. 6,102.03 

Town Charges. 3,700.00 

Town Maintenance. 9,000.00 

State Aid Construction. 1,758.00 

Public Health Nurse. 1,000.00 

Interest. 400.00 

Libraries. 515.00 

Street Lighting. 2,750.00 

Memorial Day. 50.00 

Schools. 12,068.07 

Abatements. 100.00 

Police Department. 300.00 

Elections and Registration. 200.00 


Less: 

Poll Tax.$1,316.00 

Bank Stock... 92.75 


Less Estimated Income from Other Sources: 


Auto Tax.$1,300.00 

Interest and Dividends. 700.00 

R. R. Tax. 2,000.00 

Savings Bank Tax. 2,000.00 


Plus Overlay, 


Less Local Exemption. 
Total to Raise 


$41,076.10 


1,408.75 

$39,667.35 


6,000.00 


$33,667.35 

1,319.90 

$34,987.25 

72.22 


$34,915.03 


Direct Taxes. —^There are two forms of taxes, direct and indi¬ 
rect. Direct taxes are those paid by the individual as taxes. 
Most of these are paid by the individual directly to the govern¬ 
mental unit, such as poll taxes, property taxes, income taxes, and 
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various license fees; while some direct taxes, such as taxes on 
gasoline, theatre tickets, and most sales taxes, are paid as tax by 
the purchaser but are collected by the seller and then turned over 
to the government levying the tax. 

Indirect Taxes.—Indirect taxes are those that are paid at the 
source by importers of various merchandise as a ^‘duty or by 
manufacturers of various merchandise such as cigars, cigarettes, 
and alcoholic beverages as an ^'excise While these taxes 

are ultimately passed along to the purchaser in the form of 
increased price, he is never as conscious of paying them as he is of 
paying direct taxes. 


Notice: f shall adver'ise all taxes not paid berore Dec. I. 1935 





PROPERTY TAXES 
an 4m aher fourUca 4ays 
aoticc. 


IcM pMtafc is scat. 


_IMS 


.Union. 

To ^ 

Ac uses SMCued sgslast vou In^he Town of W.kcficid for the tcm 1935. snd comn ^ 
to me for eonccilon are as follows: HO L, T, AX S 

State, County, Town. Schot: THd Hlgt\Way Taxes, • • - 

Precinct Tax [Sanbornvillc $2.80, ’ Jnion $4.20] * * - 

Town Rate, $34.70 on $1000 “To*®* ^ -. 

H. A. BEACHAM. ColIe<itor \ - 

Received Psyment, Btlsnca » 

93 __ 

By vlrtui ot Stale lAW. I# i-er cenl miwr.*t wlH b. colUcted ctimr Dee.mb»r 1 . 1935 


It U u rc»a« .awmoMe o. «c>i« aptrmi. ton* unles, your PgO T« h,, ben. pUl 

Fia. 11.—Tax Bill 


PoU Taxes— Some states have a tax lhat is levied on the mdi- 
viduab in tta etote. Usually it must 

are over 21 years of age and the amount vanes from $1-00 I^P- 
It is collected by the city or town in which the individual resides. 
I^opeS T«es.-Taxes on real estate or ^rsonal property 

eallS^y ~ S ra ^y Sf 

t’:dTl£le°"aSeLn to pars- ptoPe^; 

‘S »' — 

The omount to be collected is determined by the 

and towns, and the a t deducting the estimated 

amount required by tnc ouug 
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income from other sources such as poll taxes and license fees of 
one sort or another. 

Tax Rate. —The rate at which property taxes are to be col¬ 
lected is usually quoted as so many mills on a dollar valuation, or 
so many doUars on a hundred or thousand dollars of property 
valuation. This is called the Tax Rate. Property values in a 
town or city is determined by officials known as assessors 
whose duty it is to place annually a value on all real estate 
and on taxable personal property. When the total value of 
taxable property in the community is determined, that total 
is divided into the total estimated budget (after the estimated 
income from other sources has been deducted) in order to deter¬ 
mine the tax rate. 

Illustration: In a small town in New Hampshire the total 
assessed value of real estate and personal property was $1,163,636. 
The total budget, including taxes to be paid to the county and 
state by the town, called for expenditures of $41,076.00. After 
deducting estimated income from other sources such as poll tax, 
auto tax, interest on investments, the amount to be raised was 
$33,601.06. What is the tax rate? 

The tax rate is determined by dividing $33,601.06 by $1,163,636 
(assessed value of rea and personal property) and the result is 
$28.88 per thousand. 

Tax Payment. —After the tax rate has been determined, the 
rate is applied to all assessed valuation and bills are sent to property 
owners. The amount is calculated by multiplying the assessed 
valuation by the rate. If there is a poll tax in force, this is included 
in the same bill. 

Illustration: A man owns real estate valued at $1400, and 
taxable personal property valued at $850. The property tax rate 
is 29.73 and there is a two-dollar poll tax in the state. What is 
his total tax? 
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The tax bill should be calculated €i 3 follows: 


$1400 X - 

1000 

$41.62 

lOUO 

27.27 

Poll Tax... 

2.00 

7-'otai Tax 

$68.89 


Income Taxes.—A tc,:. on incomes is levied by ^he Federal 
Government and also by several stale governments. All persons 
living in the United States whose income is in excess of certain mini- 
mums, and all corporations making a profit are required to pay in¬ 
come taxes. Income Tax Returns, which is a report of income for 
the year, must be filed with the Collector of Internal Revenue for 
the United States Government on or before March 15, and with tax 


collection departments of the variou-^ states having income tax laws 
at whatever date is specified by that law. In New York State, it is 
April 15, The tax return includes a statement of (1) total income, 
(2) deductions, (3) net income, (4) amount of tax. 

Total Income, All sources of earnings or profits are classed as 


income. This includes salaries, wages, interest and dividends 
received, royalties, income or profit from a profession or business, 
profit from the sale of stocks, bonds, real estate, and other invest¬ 
ments, and any and all other sources of profit. 

Deductions. Certain expenses may be deducted from total 
income in calculating the Net Income. The deduction include 
interest paid on indebtedness, donations to charity and losses due 
to bad debts, fire, and other causes, and taxes of all fands. 

Exemptions. A portion of an individuals Net Income is 
exemoted from tax. The Federal Government allows an exem^ 
Ln 0^ $1000 for single persons, $2500 for married persons or heads 

of toUes, types of tax on incomes, normal 

Them are tw^ L a fixed percent on all net 

r^:"emp^nsV;ebeendeducted^ Encently there ha. 
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been in effect a small deduction from this tax on earned income. 
Surtax is a tax on large incomes and is charged in addition to the 
normal tax. Because of frequent changes in income tax rates in 
preparing a tax return, one should get the latest information from 
the proper authorities. 

Federal Income Tax Rates.—At present (1935) the Federal 
Normal Tax is 4% on the first $4000, and 8% on taxable income 
over $4000, less 10% of the tax on earned incomes. Earned income 
is income from salaries, wages, commissions, professional fees, and 
other services rendered, and may be claimed on incomes up to 
$30,000.00. No normal tax is charged on income a tax upon which 
is paid at the source such as income from corporation dividends. 

Illustration: A single man receives a salary of $4000 during 
a given year, and royalties of $85.00. He paid taxes on real 
estate $35.00, income taxes to the State of Nevr York $85.00, gaso¬ 


line tax and other miscellaneous taxes $45.00, and paid interest 
on a mortgage $25.00. How much income tax must he pay? 
His income tax would be determined as follows: 

Total Income: 

Salary. $4000.00 

Royalties. 85.00 

$4085.00 

Deductions: 

Property Tax. $35.00 

State Income Tax. 85.00 

Gas Tax, Sales Tax, etc. 45.00 

Interest on Indebtedness. 25.00 

Donations to Charitable Institutions.... 20.00 

210.00 


$3875.00 


1387.50 
$2487.60 

Tax at 4%... $ 99.60 

There is no surtax on this income. The $99.50 may be paid 
when the return is filed on March 16 or J of it, $24.87, may be 


Net Income. 

Less: 

10% of Net Earned Income. $ 387.50 

Legal Exemption (Single Man).1000.00 
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paid at that time). The remainder tc be paid in quarterly pay¬ 
ments on June 15, September 15, and December 15. This is true 
of all Federal income taxes. 

Surtax Rates. A regular scb^^dule of surtax rates has been 
worked out which starts at 1% on net income from $6000 to 
$10,000 and gradually increases to tlie high point at 75% of 
income in excess of $5,000,000. 

Illustration : A married man lining with his wife, and with two 
children receives during the year a salary of $12,600.00, royalties 
$345.00, income from speeches, etc., $500.00, interest on tax-exempt 
bonds $35.00, income from corporation dividends $900.00. He 
paid property taxes of $245.60, State income tax of $210.00, gas, 
sales, and other miscellaneous taxes $53.00, interest on a mortgage 
$275.00. He also decided to consider as worthless a $100.00 note 
on which he had loaned a friend money. He also donated 
$50.00 to charitable institutions. How much tax must he pay?^ 

His income tax would be deteri^uned as follows: 


Total Income: 

Salary.$12,600.00 

Royalties. 345.00 

Speeches, etc. 500.00 

Income from tax-exempt bonds... 35.00 

Income from dividends. 900 00 

$14,380.00 


Less: 

Income from Tax-exempt Bonds 


Total Income. 

Income from items where tax was paid at source.. 

Total Normal Income. 


Deductions: 

Property Tax. 

State Income Tax. 

Gas, Sales and Other Miscellaneous 

Tax. 

Interest on Mortgages. 

Bad Debts. 

Donations to Charity. 


$245.60 

210.00 

63.00 

275.00 

100.00 

50.00 
- 1 - 


35.00 

$14,345.00 

900.00 

$13,445.00 


933.60 


$12,511.40 
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(Carried Forward) $12,511.40 

Less L^al Exemption: 

Married Man living with wife. $2,500.00 

Two children. 800.00 


3,300.00 


10% of Net Earned Income. 


$9,211.40 
.. $1,251.14 



$7,960.26 

Normal Tax: 

4% on first $4000.00. 

.... $160.00 


8% on balance, $3960.26. 

.... 316.82 


Total Normal Tax. 


$476.82 

Surtax: 

Net Normal Income. 

.... $9,211.40 


Plus Dividends. 

.... 900.00 


$10,111.40 

6,000.00 

Total Net Income for surtax 


purposes. 

.... $4,111.40 


1%, Total Surtax.... 


41.11 


$517.93 (Ans.) 

Federal Income Tax on Corporations.—The net profit of cor¬ 
porations is taxed beginning with 12^% of income up to $2000, 
and ranges up to 15% on income in excess of $40,000. C!ontribu- 
tions to charity may be deducted from taxable income. 

State Income Taxes.—Several states have an income tax 
which must be paid in addition to the federal tax. The rates vary 
in different states. The latest New York State rates are: 2% on 
the first $10,000 of taxable income, 4% on taxable income from 
$10,000 to $50,000, and 6% on taxable income in excess of $50,000, 
with exemptions the same as federal exemptions. New York 
State, also, for the past two years, has an additional emergency 
tax of 1% on all taxable incomes less legal exemptions. It should 













BUSINESS MATHEMATICS 


959 


be remembered that non-residents of.a state having an income 
tax law who earn their salary within the state must pay an income 
tax. For example., residents of New Jersey who are employed in 
New York must pay an income l-’x to New York State on that 
portion of their income that is earned in that state. 


Illustration: A single man employed in New York but 
residing in New Jersej' esrued $.3960 duiing a given ye-ar. He 
had other sources of income outside the State of New York, and 
paid taxes, as well as made donations to charity outside of New 
York State. How much tax must he pay to the State of New 


York? 

Net Income. $3960.00 

Personal Exemption. 1000.00 

Taxable Balance. $2960.00 

Normal Tax, 2% of $2960. $ 59.20 

Emergency Tax, 1% of $2960... 29.60 

Total Tax Due.$ 88.80 


Caoital Stock Tax.— -The corporation in addition to the regular 
income tax, is required to make an 

an additional tax on the declared value of their stock. The lat 
rate is $1 40 per $1000 of declared value. . u- „ 

Inttr.cor,Lt. I«rid«ids.-To to oontro^ Wdmg 

izovcrDinGnt has recently made 1 /o 

n to mother togabte a. the 

corporation incom^tax rate ^ government and several states 

Estate axes. (jeceased persons providing those estates 

levy taxes on estates of . government (largely to 

are in exwss ® j ^ levies taxes on sizeable gifts. In the 

protect the estate tax) oercent on that part of the 

latest tax law, oOO aS range up to 70% of that 

estate that is m excess of $4U.uuo a 
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part in excess of $50,000,000. These levies apply to the entire 
estate left by an individual regardless of how many persons or 
institutions may inherit parts of it. New gift taxes are approx¬ 
imately three-fourths as high as the estate levies. 

Sales Taxes.—Several states now levy a sales tax of one sort or 
other, the most common being a tax on retail sales. The tax is 
most manageable when there are few exempt items. The taxes 
are collected by the seller on fixed scales and paid to the govern¬ 
ment levying the tax as a certain perc,ent of gross sales. In order 
to make these taxes more accurately collectible, special 1 mill and 
5 mill coins have been proposed, but Congress has not to date 
authorized the minting of such money. Several states do issue 
‘tokensof various kinds to take care of this matter. 

Duties on Imports.—Taxes are levied by the Federal gov¬ 
ernment upon commodities imported. These taxes are called 
Duties, or Customs. There are two kinds, ad valorem and specific. 
Ad valorem duties are levied as a certain percent of the value. 
The value may be fixed by appraisal by U. S. Customs officials or 
may be determined by the invoice price in the country from which 
the article is imported. 

Specific duty is a certain amount levied on certain articles. 
It may be per ton or per pound, bushel, yard, gallon, quart, or 
other unit measure, A duty may be either ad valorem or specific, 
but in some cases both types are levied on the same article. There 
are two forms of entry for imported goods: consumptive entry, 
and warehouse entry. Under consumptive entry, the duty is paid 
on the goods at the time they come in. Under warehouse entry, 
the goods are placed in bonded warehouses and the duty must be 
paid when the goods are removed therefrom unless they are sub¬ 
jected to other regulations. Usually they must be removed 
within three years. 

Illustration: Assume that the duty on printing paper is 
10% ad valorem, and Jff per pound specific. A man bought 
10,000 lbs. in England and paid the equivalent of $350. How 
much tax must be paid? 
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TL6 duty would be as follows: 

t 

Ad valorem, 10% of $350.00.$35.00 

Specific iff X 10,000 . 25.00 

Total Duty. ..$60.00 (Ans.) 
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ACCOUNTING 

Any business, even a small one, buys goods or supplies from 
the manufacturers or wholesalers and sells goods or services to 
customers or clients. Many small transactions are often involved 
and it is impossible for any man to remember them all for any 
length of time. Hence, the need for some orderly system of record¬ 
ing the financial doings of a concern. This science is called 
accounting, or, more popularly but less accurately, bookkeeping. 

A set of books for one business resembles that of another 
business in many respects. The items entered will differ and the 
headings may differ, but basically the same books are needed. In 
order to illustrate what books are needed for a business and how 
they are kept we have selected as an example a business which sells 
both merchandise and service. The illustration which follows 
is an example of the bookkeeping needed for a small garage. It 
has been worked out in detail as an entity, but it should be borne 
in mind that by changing the headings of the columns and omitting 
the portions not needed, this illustration set of books may be 
applied to any small business establishment. 

The system of accounts proposed in this chapter is designed to 
give the flexibility in accounts necessary to accommodate the 
basic requirements of garages in their various scopes of activity. 
The system may be adjusted to meet the requirements of garages 
operating one or more of the departments indicated by omitting 
from the system those accounts pertaining to the departments 
which are not in operation. For example, suppose “ B ” garage 
does not operate a New and Used Car department, the accounts 
provided for that department should be eliminated from the sys* 
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tern entirely. The same procedure would apply to any other de¬ 
partment not included in the business conducted by the garage. 

In selecting the books for the system either loose-leaf or bound 
books may be used. The loose-leaf books are preferable because 
they provide means for expansion without a complete change of 
books. By title, the books required are: General Journal, Cash 
Receipts, Cash Disbursements, Purchase Register and Sales 
Register. These books are called the books of original entry. 
Transactions are recorded daily in the books of original entry and 
at the end of the month the accumulated amounts are posted to 
the respective accounts in the General Ledger. The secondary 
and auxiliary books are: General ledger. Accounts Receivable 
ledger. Accounts Payable Ledger and Job Record. A brief 
description of each book is given in the present chapter outlining 
the use of the record. 

Debit and Credit.—While the terms debit and credit were de¬ 
fined in the preceding section, they will be used so frequently in 
this section that additional clarification is justified. Stated 
simply, the rule in making entries is: debit an account for what 
comes into a business, and credit for what goes out of a busi¬ 
ness. The general rule in bookkeeping is that accounts are debited 
on the Ze/t and credited on the right in books which include the 
two sides. 

General Ledger.—The General Ledger contains all of the 
Balance Sheet, Income, Profit and Loss Accounts. It is called 
a book of secondary entry because all of the transactions of record 
in the books of original entry are later transferred to the accounts 
contained in the General Ledger. This operation is accomplished 
by what is known as poking. The method of posting is explained 
in the topic treating with each particular record. The ordinary 
Double Entry ledger sheet shovdd be used. One sheet should be 
allowed each account employed in the operation of the system. 
The accounts used in a system are called the chart of accounts. 
These accounts are divided into two groups, one the Balance 
Sheet Accounts and the other, the Income Prdfit and Loss Ac¬ 
counts. In Fig. 1 the chart of accounts ordinarily used in the 
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Balance Sheet is stated. Figure 2 presents the accounts commonly 
employed for the Statement of Income Profit and Loss. These 
accounts are arranged according to their proper appearance in 
each of the respective statements. 

General Jotimal.—Standard ruled, two-column, journal paper 
should be obtained when selecting the book for the General 
Journal. 

Transactions unprovided for in the other books of entry are 
to be recorded in the General Journal. These entries should be 
comparatively few in number. Each entry must be posted indi¬ 
vidually. Posting may be done to the accounts affected in the 
general ledger when the entry is made or at any time during the 
month. It is not necessary to wait until the end of the month 
to post the journal debits and credits to their respective accounts 
in the ledger. Each entry should be followed with a full explana¬ 
tion of the transaction. 

Cash Receipts.—The cash book as presented may be operated 
as one book using the left-hand page for Cash Receipts and the 
right-hand page for Cash Disbursements. The one-book method 
may be adopted if the cash receipts and cash disbursements entries 
are about equal in number during the month. If either the cash 
receipts or cash disbursements greatly exceed the other it will be 
more advantageous to use separate books. The procedure will be 
the same as the outline described in Figs. 3 and 4, and will not 
change regardless as to whether one or two books are used. 

Figure 3 presents the outline for the Cash Receipts record. 

Cash receipts should be written into the cash book daily. All 
cash received should be deposited in a bank. The cash receipts 
entered in the cash receipts books under each day of the month 
should aggregate the bank deposit for that day. 

The cash received will come mainly from two sources. Cash 
Sales and Accounts Receivable. Cash received from cash sales 
should agree with the amount of cash sales recorded in the Sales 
Register each day. At a definite time each day the cash sales 
slips and the cash in each department should be reconciled, the 
cash registers balanced and the cash taken to the main office and 
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prepared for deposit. Cash received on accounts receivable 
should come only through the main office. The total of the cash 
sales may be entered opposite the title '"Cash Sales’' in the Cash 
Receipts book and the amount extended to the columns ‘‘Total 
Cash (Dr) " and “ Accounts Receivable (Cr)/' The amount 
extended in the accounts receivable column in the cash receipts 
must be the same as the amount entered in the Sales Register 
(Fig. 6) and extended to the column Accounts Receivable (Dr) 

If this procedure is not carefully followed, the accounts receivable 
control will become out of balance with the accounts receivable 
ledger. Cash received on charge accounts in any form other than 
check signed or endorsed by the customer should be recorded on a 
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cash “ Received on Account" slip at the time the payment is 
taken from the customer. All cash received on charge accounts 
must be entered separately in the cash receipts book, showing the 
date, the name of the customer, the amount of cash received, the 
discount allowed, if any, and the amount credited to accounts 
receivable. The amount to be extended into the accounts receiv¬ 
able column is the amount of cash received plus the discount 
allowed. If no discount is allowed then the amount carried to the 
accounts receivable column is the same as the amount entered in 
the total cash column. 

The ‘‘Miscellaneous” column is provided to record cash 
receipts from sources other than accounts receivable or cash sales 
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formerly entered in the Sales Begister (Fig. 6). This column is 
subdivided into two columns, one headed “ Account ” the other 
“ Amount.” In the account column indicate the title of the 
account to be credited and extend the amount into the " Amount ” 
column. Examples of accounts appearing in the “ Miscellane¬ 
ous” column are, Notes Payable, for borrowed money. Loans 
Payable, Sales of Scrap, etc. 

Bank (deposit) columns are provided to show the amount of 
cash deposited in the bank each day. The amounts entered in 
these columns must be the same as the amount shown on the 
deposit slip for each respective bank. To facilitate the reconcilia¬ 
tion of the cash book with the bank statement, all cash receipts 
entered in the cash book should be deposited in the bank prior to 
the close of the last banking day in each month and the cash receipts 
book closed with that deposit. Cash received after the banking 
is entered as receipts for the next business day of the month fol¬ 
lowing. The amounts or totals of these columns are not posted. 
They serve only as memoranda. One column should be provided 
for each separate bank account. 

At the end of each month the Cash Receipts book should be 
balanced and posted. To balance the cash receipts book the total 
of each account is determined, then the total of the debit columns. 
Cash and Discounts Allowed must equal the total of the credit 
columns, accounts receivable and miscellaneous. The accounts 
in the miscellaneous column should be summarized and the aggre¬ 
gate credit to each account ascertained to save time in posting. 
The monthly postiog of the cash book should not be done imtil the 
cash book balance is reconciled with the bank statements. See 
explanation for reconciling the bank statement, page 973. 

Collections on accounts receivable from individual customers 
as indicated, by name, in the “ Name ” column and, by amount, 
in the account receivable column should be posted daily to the 
respective customer’s account in the Accounts Receivable Ledger 
to keep the customer’s account in a current position and to relieve 
the amount of posting to be done at the end of the month. The 
total of the Total Cash Column is posted to the debit side of the 
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cash account in the General Ledger. Likewise the total of the 
Discount Allowed Column is posted to the debit side of that 
account, the total of the Account Receivable Column to the credit 
side. From the summary of the accounts represented in the Mis¬ 
cellaneous column, each of the respective accounts is credited in 
the General Ledger. 

Cash Disbursements.—Figure 4 outlines a form to be used for 
Cash Disbursements. Entries in the Cash Disbursement Book 
are made from the checks before they are mailed, unless a check 
stub record is kept from which the entries may be made. The 
checks should be entered numerically with the cheek number 
recorded in the column provided. ’WTiere a voucher system is 
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used, the check should show the number of the voucher for which 
it is drawn. The voucher number should, also, be entered in the 
column provided for it. The voucher number is the same number 
assigned to the voucher when it is entered in the Purchase Register 
(Fig. 6). In the column ** Total Cash Cr.’^ enter the amount 
shown on the check. If the purchase invoice is paid within the 
discount period a discount is earned and the amount of the discount 
is entered in the column Discount Earned Cr.'' When a discount 
is taken, the amount of the check plus the discount is entered in 
total in the column Accounts Payable Dr.^' A miscellaneous 
column is provided for the convenience of cash disbursements 
which have not been authorized by a voucher or recorded in the 
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Purchase Register, such as checks of customers returned by the 
bank for non-payment which should be charged back to accounts 
receivable, charges by a bank for tax on checks, bank service 
charges and Notes Payable or Drafts Payable charged to the cash 
account by the bank when a check was hot delivered in payment 
for them. The miscellaneous column is subdivided into two col¬ 
umns and the method of entry is the same as previously explained 
for cash receipts except that the accounts aie debited in the Mis¬ 
cellaneous Cash Disbursements. 

The bank balance may be determined at any time by the use 
of the bank columns. The procedure is as follows: Determine the 
total amount of cash disbursements each day, extend the total to 
each of the respective bank columns, then ascertain the total 
withdrawals from each bank for the month to date, and deduct 
that amount from the accumulated total of deposits in the respec¬ 
tive banks from the cash receipts book. The difference should 
represent the balance of cash in the bank. 

At the end of each month the Cash Disbursement Book should 
be balanced and posted. The procedure is similar to closing the 
Cash Receipts Book. Total each column and summarize the mis¬ 
cellaneous column to determine the amount of each individual 
account indicated therein. If the total of the columns, Total 
Cash Cr.^' and ‘‘ Discounts Earned Cr.'' equals the total of the 
Accounts Payable Dr.^' and the ‘‘ Miscellaneous Accounts Dr.^^ 
the cash disbursements are in balance. The amounts entered in 
the “ Bank (Withdrawal) columns are not taken into consider¬ 
ation in balancing the cash disbursements. 

With both the Cash Receipts Book and Cash Disbursements 
Book in balance the cash account should be reconciled with the 
bank statement before the cash book is posted. The banks shouW 
be requested to submit a statement of the account, accompanied 
by the canceled checks, as of the close of business of the last day 
in each month. The deposits entered on the bank statement 
should be compared with the deposits entered in each bank column 
in the Cash Receipts Book to ascertain the 'correctness of the 
deposits and to determine if there are deposits in transit. Deposits 
in transit may represent deposits entered in the cash book which 
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are not recorded until a later date on the bank statement or 
deposits entered on the bank statement which are not recorded on 
the Cash Receipts Book. The canceled checks returned by the 
bank should be compared with checks recorded in the Cash Dis¬ 
bursements Book to determine the checks outstanding at the end 
of the month. The checks outstanding represent the checks 
recorded in the Cash Disbursements Book which have not been 
returned through the bank for payment. Assuming that the 
bank statement has been checked with the cash books; that a 
deposit entered on the Cash Receipts Book amounting to $50.00 
was not shown on the bank statement; that the checks outstand¬ 
ing amounted to $60.00; that the cash book balance amounted 
to $100.00 and that the bank statement showed a balance of 
$110.00, the form of reconciliation would appear as follows: 

Cash Balance per bank statement 

Add\ Deposit in transit 

Deduct: Checks outstanding 
Check No. 78 
No. 85 
No. 88 

Cash hook balance 

This procedure is used for each bank account if a company 
uses more than one such account. Now that the cash account 
has been reconciled with the bank statement, the cash books 
are ready to be posted. 

Posting.—Post to the respective account in the General 
Ledger the total of the following columns: “ Total Cash Cr.'^ to 
the credit side of the cash account, Discounts Earned Cr.’^ to 
the credit of that account, Accounts Payable Dr.'^ to the debit 
side of Accounts Payable, and from the summary of the Miscel¬ 
laneous Column post to the debit of each account the amount 
indicated. The postings in the Accounts Payable Ledger from 
the Cash Disbursements should be done daily. Each check 
entered shows the creditor’s name in the name column. This 
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indicates the individual account to be debited in the Accounts 
Payable Ledger, and the amount to be posted to that creditor's 
account is the amount indicated in the Accounts Payable Column. 

Purchase Register.—The Purchase Register is designed to 
record all classes of purchases, including supplies, parts, accessories, 
expenses, and services for which money is later disbursed. This 
purpose is accomplished by the use of a columnar book with a 
column provided for each active account and a miscellaneous 
column for the inactive accounts. The Purchase Register shown 
in Fig. 5 is adaptable to garages operating several departments or 
it may be altered to meet the requirements of smaller garages by 
the elimination of accounts representing departments not in 
operation. 

The recording entries in the Purchase Register are made 
directly from the purchase invoice, payroll or other authority for 
the disbursement of money. 

When purchase invoices are received they should be checked 
with the merchandise represented to determine the correctness of 
the invoice. If both the invoice and merchandise are found to be 
correct, the invoice should be passed for payment and recorded in 
the Purchase Register. A number which is called %h.^ voucher 
number should be assigned to the invoice, and the invoice entered 
in the following manner: In the date column enter the date of the 
invoice; in the column ‘‘ Vendor enter the name of the company 
from whom the purchase was made; in the column ‘‘ Voucher 
No.'' enter the number assigned to the invoice (the voucher num¬ 
bers should follow numerically in the Purchase Register). Extend 
the amount of the invoice into the column Accounts Payable 
Cr.", and distribute the total of the invoice to the columns repre¬ 
senting the accounts to be charged with the purchases. The 
column Check No.", is provided to record the number of the 
check drawn in payment of the voucher. Check numbers are 
entered in the Purchase Register from the Cash Disbursements 
Book, Fig. 4. IVhile the check numbers in Fig. 4 should be 
entered numerically, they will not appear in ^numerical order in 
the Purchase Register. When a check is drawn in pa 3 mient of one 
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or more vouchers, the check number should be entered opposite 
each voucher number in the Purchase Register. If this procedure 
is carefully followed the Purchase Register will show at a glance 
the unpaid vouchers in file. 

Vouchers drawn for payrolls and commissions are entered in 
the same manner as a purchase invoice. The amount of the 
payroll or commission is extended into the Accounts Payable 
Column which is further distributed to the column representing 
the account to be charged. 

Charges ordinarily made to the accounts indicated in Fig. 5 are: 

Parts. —All automobile parts purchased for use in the repair 
shop or to be sold over the counter should be charged through this 
account, including freight, express and postage. 

Automobiles — New. —Charge new automobiles with the factory 
cost of the car, freight or other transportation charges incurred in 
transporting the car from the factory to the sales room, and the 
manufacturer’s tax. 

Automobiles — Used. —Used automobiles should be charged with 
the amount of the allowance in trade for a new car plus the addi¬ 
tional cost in repairing the car to put it into marketable condition. 

Accessories. —Charge all accessories purchased to this account 
including the freight, express or postage on each shipment. 

Tires and Tubes. —Same as Accessories. 

Gasoline. —Same as Accessories. 

Oils and Grease. —Same as Accessories. 

Salaries — General. —Charge general salaries with the salary of 
the General Manager, office employees and other salaried employees 
whose time and service cannot be directly allocated to a particular 
department or operation. 

Salaries — Selling. —Charge this account with the salaries paid 
the salesmen in each of the departments operated, and the em¬ 
ployees assisting in these departments whose time is devoted to 
selling or keeping the stock in a salable condition. 

Wages—Repair Shop. —Charge the repair shop with the salaries 
and wages of the foreman and employees actually employed in 
repairing cars including the idle time. 
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Wages — Genercd .—Charge to this account the wages paid to 
general employees around the garage whose time and service cannot 
be definitely allocated to a specific operation. 

Setting Expense—New Cars .—Charge this account with the 
expense of demonstrations, entertainment of customers and other 
expenses directly applicable to the selling of new cars. 

Setting Expense—Used Cars .—Same as for New Cars. 

Setting Expense—Att Other .—Charge to this account the selling 
expenses applicable to all other selling departments. 

Office Expense .—Includes such charges as, stationery and 
printing for general use, pencils, inks, blank books, records, and 
general supplies used in the office. 

Other General Expense .—Includes expenses of a general nature 
throughout the garage that cannot be applied to a particular 
department. 

Advertising .—Should be charged with newspaper, magazine, 
signboard, circular advertising and sales letters. 

Assembly and Make-Ready .—^These charges include the cost of 
assembling new cars, moving them from the freight station and 
expenses of getting them ready for the sales room. 

Miscettaneous .—This column is provided for accounts which 
are infrequently charged. The account to be charged should be 
written in the column “ Account ” and the amount extended to 
the “ Amount ” column. The accounts ordinarily appearing in 
the Miscellaneous column are, Commissions, Rent, Heat, Light 
and Power, Freight and Express Out, Automobile Guarantee 
Expense, Insurance, Telephone and Telegraph, Postage, Taxes, 
and Interest Paid. The accounts indicated as appearing in the 
Miscellaneous Column are self-explanatory in their charges except 
“ Automobile Guarantee Expense.” Automobile Guarantee Ex¬ 
pense should be charged with the cost of servicing new and used 
cars for the period covered by the guarantee for which service is 
given. 

The Purchase Register should be balanced and posted at the 
end of each month. Each of the columns is fdbted and the Mis¬ 
cellaneous column analyzed to determine the aggregate amount 
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to be charged to each individual account. The Purchase Register 
is in balance when the total of all of the distribution column 
(debits) equals the total of the Accounts Payable Column (credits). 

After the Purchase Register has been balanced, the accounts 
represented by the column headings and the miscellaneous accounts 
should be posted to the respective account in the General Ledger. 
The total of the Accounts Payable Column is posted to the credit 
of the Accounts Payable Control and each of the other accounts 
is debited with the amount shown as the column footing or as 
indicated in the summary of the miscellaneous accounts. The 
postings from the Purchase Register to the individual creditor's 
account in the Accounts Payable Ledger should be done daily 
where the purchases are numerous, or periodically during the 
month according to the volume of purchases. Each creditor's 
account is credited with the amount of the purchase indicated in 
the accounts payable column. 

Sales Register.—As designed in Fig. 6 the Sales Register pro¬ 
vides a departmentalization of sales which permits the determina¬ 
tion of gross profit from the sales of each department monthly. 

Entries in the Sales Register should be made from sales slips 
returned to the oflBice daily by each department. Sales slips 
representing charge sales should be entered separately, allowing 
one line for each entry, to facilitate posting to the customer's 
account receivable in the Accounts Receivable Ledger. If the 
sales are voluminous the sales slips may be separated by depart¬ 
ments, then an adding machine tape taken of the sales from each 
department and a summary tape taken of the total sales for each 
department to determine the total charges sales for the day. In 
that procedure the entries would be: in the date column, the day 
of the month; in the name column. Charge Sales; in the job col¬ 
umn, no entry; in the Accounts Receivable Column, enter the 
total charge sales by all departments and extend the total sales 
for each department into the respective column. The posting to 
the individual debtor's account would be made from the sales slip. 
The cost of each item on a sales slip should be made by a responsi¬ 
ble person familiar with the costs of the stock in trade. These 
cost prices should be made on the sales slip and the cost of each 
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sale determined before the sales slips are prepared for entry in the 
Sales Begister so that the cost price and selling price may be 
entered at the same time. In posting to the individual debtor’s 
account in the Accounts Eeceivable Ledger the cost of the article 
is not posted. 

When recording cash sales determine that the amount of cash 
received is in agreement with the total of the cash sales. Deter¬ 
mine the total cash sales from each department and proceed with 
the entry as follows: place in the date column the day of the 
month; in the name column, Cash Sales; in the accounts receiv¬ 
able column the total of the cash sales; in the cost of sales column 
the total cost of sales, and the total of the sales by each depart¬ 
ment to the Betail column for the respective department and the 
total cost of sales for each department is extended to the Cost 
column. The individual cash sales slips are not posted to the 
Accounts Beceivable Ledger. The amount entered in the Ac¬ 
counts Receivable Dr. in the Sales Register must be the same as 
the amount entered in the Cash Receipts Book, Fig. 3, as Cash 
Sales and extended to the Accounts Receivable Cr. column. 
Cash Sales slips should be distinguished from Charge Sales 
Slips by using different colored paper, or by having the words 
“ Cash Sales " or “ Charge Sales ” written or printed thereon. 
Under gasoline sales and oil and grease sales a column is provided 
for State and Federal Taxes. Whether the sale is for cash or 
charge, the tax should be shown as a separate item. When the 
sales are being summarized the total of the sale exclusive of the 
tax should be taken to determine the total to be entered in the retail 
column. Another tape should then be taken of the tax to deter¬ 
mine the amount of tax to be recorded in the tax column. For 
convenience a column may be added between the retail column 
and the tax column to record the unit quantity, gallons, quarts 
or pounds, of the commodity upon which the tax is based. These 
taxes represent a liability and should not be considered in the 
sales or a part of the sale in determining the cost of sales. 

The sales register should be balanced and posted monthly. 
Foot each column ^parately. The total of the column “ Accounts 
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Receivable (Total Sales) Dr/' should equal the total of all of the 
Retail Columns, the Tax Columns, the Rent, Car Storage Column 
and Other Miscellaneous Sales Column, to balance the sales. 
The total of the Cost of Sales Column should equal the total of 
all of the cost columns for the various departments. After the 
Sales Register has been balanced it is ready for posting. Post the 
total of the Accounts Receivable Column to the debit of the 
Accounts Receivable Control in the Generrd Ledger and the total 
of each of the retail columns to the credit of its respective account 
in the General Ledger. The total of each tax column is posted to 
the credit of the Tax Payable Account in the General Ledger. 
When posting the Cost of Sales the total of each of the Cost " 
columns is posted twice. Debit the respective Cost of Sales 
Account and credit the respective inventory accounts in the 
General Ledger. The total of the Cost of Sales Column is not 
posted. It serves as a proof of the correctness of the cost of 
sales posted to the various Cost of Sales Accounts. 

General Ledger.—As previously stated, the General Ledger 
is a book of Secondary Entry. It is so termed because the trans¬ 
actions appearing in it must first pass through one of the books of 
original entry. The General Ledger contains all of the Balance 
Sheet and Income Profit and Loss Accounts indicated in Figs. 1 
and 2 including any additional accounts which may be opened to 
provide a greater segregation of the Asset, Liability, Income and 
Expense accounts than is shown in the foregoing figures. If the 
accounts are arranged in the order of their appearance in Figs. 1 
and 2 it will facilitate the preparation of the Financial Statement 
(The Balance Sheet) and the Operating Statement (The Statement 
of Income Profit and Loss). The latter should be prepared 
monthly. 

In choosing the record for the General Ledger a loose-leaf book 
will be found to be more economical and will permit a greater 
flexibility in the arrangement of accounts. The ordinary two- 
column ledger sheet with center page division should be obtained. 

Accounts Receivable Ledger.—The Accounts Receivable 
Ledger should be of the same style of binder and the same type of 



982 HANDBOOK OF APPLIED MATHEMATICS 


ledger sheet as the General Ledger. The only difference between 
the two books is the purpose which they serve. The Accounts 
Receivable Ledger contains only the accounts with customers. 
It represents the detailed accounts owed to the business by debtors. 
In the General Ledger there is an accountAccounts Receivable,” 
this account is what is termed a control account. It is so called 
because it controls the total of the accounts receivable by the 
business at any time. After the books are posted at the end of 
each month an adding machine tape should be taken of all of the 
open accounts in the Accounts Receivable Ledger. The total 
of the adding machine tabulation should equal the balance of the 
Accounts Receivable (Control) account in the General Ledger. 
If a difference appears, the posting should be compared until 
the error has been located and the detailed accounts total, brought 
into agreement with the control account balance. As previously 
stated the detailed posting to the Accounts Receivable Ledger is 
made from the Sales Register, Figure 6, and the Cash Receipts 
Book, Fig. 3. The postings from the Sales Register being made 
to the debit side of the customer's account in the Accounts Receiv¬ 
able Ledger and the postings from the Cash Receipts Book to the 
credit side of the customer's account in the same ledger. Posting 
to the debit side of the account from the Sales Register charges the 
customer with the amount of the sale which he has contracted to 
pay at some future time. Postings from the Cash Receipts Book 
credits the customer with the amount he has paid on his account 
receivable. The difference between the debit side of the custom¬ 
er's account and the credit side represents the balance in the 
account. If the total of the debit side is greater than the total 
of the credits the result will be a debit balance, which represents 
the amount that the customer owes. If the credit side of the 
account totals more than the debit side, there is a credit balance 
in the customer's account representing an overpayment of the 
account, which the business owes the customer. 

Reference has been made as to the method of posting the Ac- 
coimts Receivable from the Sales Register and Cash Receipts Book 
for charge accounts. It is not advisable to post the detail of the 
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cash sales to the Accounts Receivable Ledger although instruc¬ 
tions have been given to extend the totaf of the cash sales into the 
Accounts Receivable column in each of these i ecords. The reason 
for not posting the detail of the cash sale to the Accounts Receiv¬ 
able Ledger is to save time in posting. When the sale is made 
and the cash is paid the transaction is closed. Assume, for exam¬ 
ple, that the sale of tires and tubes amounting to $100.00 was paid 
in cash. The entry in the Sales Register, Fig. 6, would be Cash 
Sales with the total extended into the Accounts Receivable 
(Control) column debiting Accounts Receivable with $100.00 
and with the total further extended into the sales retail column 
of tires and tubes, crediting the sale with $100.00. Then to 
record the receipt of cash in the Cash Receipts Book the entry 
would be Cash Sales ’’ with the total extended into the Total 
Cash column debiting cash with $100.00, with the total further 
extended into Accounts Receivable column crediting Accounts 
Receivable (Control) with $100.00. In these two book entries 
the amount put into accounts receivable by one was taken out 
of accounts receivable by the other. The customer paid for the 
amount of the sale and there was nothing to be charged to his 
account, therefore there is no reason for the additional posting to 
the detailed accounts receivable in the Accounts Receivable 
Ledger. If one is careful in entering the cash sales through the 
Sales Register and the Cash Receipts Book so that the amount 
entered in each record is the same, the cash sales can be entered 
through the Accounts Receivable Control without causing the 
control to become out of balance with the detail in the Accounts 
Receivable Ledger. 

Repair Shop Register.—The Repair Shop Register is an auxil¬ 
iary record designed to collect the charges on each job going 
through the repair shop, to assemble the entire cost of a job, and 
to determine the retail price for billing to the customer. An 
ordinary columnar loose-leaf book may be used in small garages, 
outlined as shown in Fig. 7. 

A number is assigned to each repair job'entered in the shop. 
When the car is entered in the repair shop the foreman should 



984 HANDBOOK OF APPLIED MATHEMATICS 


make out a tag for the job, similar to the one shown in Fig. 8. 
The top part of the tag is tied to the automobile and the lower part 
sent to the office for record. Upon receipt of the tag by the office, 
a page should be assigned to the job in the Repair Shop Register 
corresponding in number with the number of the job tag. Each 
job tag should be accounted for to the office. If a tag is destroyed 
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or voided it should be returned to the office. When the job has 
been completed and is ready for delivery the top part of the tag 
should be removed from the car and sent to the office to inform 
the office that the car is ready for delivery. The bookkeeper 
should then determine if all charges for materials and labor have 
been recorded in the job register, calculate the cost and retail 
price and make out an invoice charging the customer for the total 
retail price of the job. A copy of the invoice should be delivered 
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with the car. The parts used on the job should be requisitioned 
at cost from the Parts Department and billed to the customer at 



the regular selling price. Each requisition should be made out 
in triplicate and numbered consecutively. The three copies are 


REQUISITION 
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size 7% Padded in Triplicate; Original,White; 1st copy,Buff; 2nd copy, Onion Skin 

Fig. 9 


to be signed by the foreman as a request for the Farts Department 
to deliver to the Repair Shop the items indicated on the requisi- 
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tion. The second copy remains in the requisition pad and does not 
indicate the cost or retail price. The first copy is retained by the 
storekeeper as his record for having delivered the parts to the 
Repair Shop, this copy should also be signed by the employee 
receiving the parts. The original is delivered by the storekeeper 
to the office, after the cost and retail price have been filled in. 
When the original requisition is returned to the office it is entered 
in the Repair Shop Register by recording the date in the Date 
column, the number of the requisition in the Item column, and 
extending the total cost into the Cost column and the total selling 
price into the Retail column. The requisition form is outlined in 
Fig. 9. This form of requisition may also be used for accessories. 
If accessories are used in addition to parts, another column should 
be added to the Repair Shop Register showing Accessories, 
^ Cost'—' Retail * and is operated in the same manner as for 
Parts. The labor is recorded from the Labor Report, Fig. 10. 
Enter the date the work was done, the name of the employee, and 
extend into the respective column the number of hours, the rate 
per hour and the total Payroll Cost.’^ If a percentage is added 
to the Payroll Cost to cover overhead or in the form of profit, 
extend the Payroll Cost, plus the percentage added, into the 
Retail column. 

The Labor Report, indicated as Fig. 10, must be delivered to 
the office daily. A separate report is made for each job upon which 
workmen have been employed and only the time actually employed 
on the job should be reported. 

Garages operating large repair departments, with a number of 
jobs in progress will find the Job Jacket form more convenient. 
The Job Jacket takes the place of the Repair Shop Register, Fig. 7. 
The method of recording and the outline for Recording is the same 
as for Fig. 7. The difference is that the record is in the form of an 
envelope in the Job Jacket procedure, instead of the book form 
shown in Fig. 7. The Job Jacket is more advantageous because 
it records the same information and data that are recorded in the 
Repair Shop Register and at the same time it affords the facilities 
for filing with each job the requisitions, time reports and other 
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data pertinent to each particular job. When a job is completed 
the costs are calculated, the retail prices determined, the overhead 
calculated and applied, the customer's invoice is written and it 
is recorded in the Sales Register, Fig. 6, in exactly the same man¬ 
ner as the entries from the Repair Shop Register. When the 
entry has been made in the Sales Register and the customer billed, 
the Job Jacket should be filed numerically according to Job num¬ 
bers in a special file allotted for repair jobs. 
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When the books are closed at the end of each month there may 
be certain jobs in the Repair Shop which have not been com¬ 
pleted. These jobs are termed Work in Process " and should 
be reported in the Balance Sheet, Fig. 1, as Unfinished Shop 
Work. To determine the total cost of Unfinished Shop Work 
take each job which has not been completed and ascertain the cost 
of the materials and labor used on the job,^ to which should be 
added its proportionate share of the overhead aggregating the 
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total Unfinished Shop Work. The Unfinished Shop Work is 
recorded through the Journal by an entry similar to the following: 


(Debit) Unfinished Shop Work xx 

(Credit) Parts x 

Wages—Repair Shop xx 

Overhead x 


The Overhead applicable to Unfinished Shop Work only, is shown 
on the Balance Sheet between Mortgages Payable and Re¬ 
serve Accounts.'' Immediately after the books have been closed 
for the month, and the Financial Statements and Operating State¬ 
ments prepared, the above Journal Entry should be reversed. 


(Debit) Parts x 

Wages—Repair Shop xx 

Overhead x 

(Credit) Unfinished Shop Work xx 


The reversing Journal Entry places the Unfinished Shop Work in 
exactly the same status in the operating accounts which it was in 
previous to the closing of the books, and the procedure from that 
point on is the same as for any job entered and completed in the 
same month. 

Stock Inventories.—In the majority of garages the items com¬ 
prising the Stock Inventories of parts and accessories are so numer¬ 
ous that the cost of keeping perpetual inventory records is too 
expensive for the advantage gained. The less expensive method of 
determining accurately the value of Stock Inventories is to take 
an actual inventory semi-annually. If the accounting year is on 
the calendar basis, the inventory should be taken after the close 
of business on the 30th of June and the 31st of December each 
year. Where the business is operated on a Fiscal Year basis, the 
inventory should be taken after the close of business at the end of 
the six-month period and the twelve-month period. The inven¬ 
tory should be taken and priced by responsible employees. The 
method of pricing should be Cost (Purchase Price) or present 
Market Price, whichever is lower. 
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The taking of the inventory can be greatly facilitated if the 
stock is carefully arranged and conveniently located. The smaller 
items should be arranged in bins properly marked by the name and 
size of the article contained in the bin. The bin tags should show 
the maximum number required for s":ock and minimum number, 
the indicator for replenishing the stock. The record outlined for 
Stock Inventories is shown in Fig. 11. The column Maximum 
in Fig. 11 should show the maximum number required for effi¬ 
cient operation as indicated on the bin tag. The next column 
** Minimum should show the number of the items,, as indicated 
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on the bin tag, when repurchase becomes necessary. The next 
column is the name of the item inventoried. The column “ Quan¬ 
tity ” is provided to show the actual number found in stock by 
the physical inventory count. The price column represents the 
Cost (Purchase Price) or Market Price whichever is applied in 
pricing the inventory. The amount column shows the total value 
of the item set opposite it. The quantity times the price equals 
the amount. The Minimum and Maximum columns do not 
figure into the calculation of the inventory values. They are 
designed to assist in determining when the stock is low and reorders 
should be placed and to show the items overstocked. This position 
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can very readily be determined by a comparison of the Quantity 
column with the Maximum and Minimum columns. 

After the inventory has been calculated, footed, and the total 
values determined for each inventory account appearing on the 
General Ledger, the actual values should be compared with the 
book inventory accounts. If there is a difference between the 
actual inventory values and the book accounts, an effort should 
be made to determine the difference and the book accounts 
adjusted to agree with the actual values. 
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A.C. see alternating current 
Accounts, 
defined, 680 
Accumulators, 721 
Acre, equivalents, 233 
Addition, 
arithmetical, 11 
of algebraic quantities, 94 
of fractions, 16 
Aggregates, 
concrete, 290 

quantities, per cubic yard of con¬ 
crete, 297 

Are, metric measure, 242 
Algebraic quantities, 
addition of, 94 
division of, 96 
multiplication of, 95 
subtraction of, 94-95 
Algebraic symbols, 93 
Alternating current, 751-767 
capacitance, 760 
circuits, Ohm’s Law for, 761 
cycles of, 753 
frequency of, 753 
generators, principles of, 730 
impedance, 759 
inductance, 757 
motors, 766 

phase and polyphase, 755 
power factor, 756 
resistance, 758 
Alternators, electrical, 765 
Ammeter, 689 
Amortization, 926 
Ampere, defined, 679 
Angie, angles 

and lines, geometric definitions, 
112-113 

gashing, of wheel, 611 


Angle, angles—Cont’d 
muasnreinent of, 140 
of helix. 589 

of hciix, sr.rew thread, 516 
of repose, 272 

to divide into 2 equal angles, 129 
to draw equal to a given angle, 129 
Annuities, 920 
calculations, 921-923 
deferred, 925 
present value, 924 
Anti-logarithm, anti-logarithms, 
defined, 64 

of numbers, to find, 64 
Apothecaries’ 

or wine measure, table, 235 
weight, 236 

Arc, of circle, defined, 115 
Are, 

metric, 246 
Avoirdupois 
pound, defined, 231 
w^eight, table of equivalents, 235 
Axiom, defined, 8 


Balance sheet illustrated, 964 
Bank discount, 868 
Barrel, liquid measure, equivalents, 
235 

Battery, storage, see Storage battery 
Bending moments etc. table, 227-230 
Bevel gears, 
characteristics of, 604 
described, 595 
Bills, 847 

Binomial, defined, 95 
Board feet, 
defined, 320 

how to calculate, 320-323 
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Board measure 
defined, 320 
table, 321, 322 

Boiler sizes for heating systems, 495 
Bond, in brickwork, 301 
Book paper, 831 
Borrow pit, 

estimating volume of excavation, 
278-280 

Brake horsepower, 631 
Branch circuits, sizes of wire for, 779 
table, 780-781 
Brick, 

quantities for footings, piers and 
chimneys, table, 309 
quantities for solid walls, table 311 
Brick walls, weight of, 310 
Brickwork, 
bond, common, 301 
bond, English, 301 
bond, Flemish, 302 
bond, styles of, 301 
height by courses, table, 310, 311 
joints, types of, 302, 303 
mortar for, proportions, 306 
quantities of brick and mortar for 
footings, piers and chimneys, 
table, 309 

quantities of brick and mortar for 
solid walls, table, 307 
to estimate quantities, 306, 319 
uses, 301 
weight of, 287 
weight of solid walls, 312 
British thermal unit (Btu) defined, 
460 

Brown and Sharpe taper, 627 
Brushes, 

paint-, how to care for, 383-385 
how to clean, 385 
to select, 383 

Btu, see British thermal unit 
Buildings, 

to calculate weights of, 286-287 
Bushel, 

British, equivalents, 234 
U. S. measure, equivalents, 234 


Butt, liquid meaimre, equivalents, 
235 

Cable length, equivalents, 232 
Calcimine, 
how to apply, 388 
spreading rate of, table, 376 
Calipers, 
described, 508 
use of, 509 

micrometer, described, 510 
micrometer, use of, 511 
vernier, described, 511 
vernier, use of, 512 
Calorie, defined, 694 
Calorimeter, 694 
Cancelling of units, 3 
Candlepower, 696 

Capacitance, alternating current, 760 
Cash 

disbursements, 971 
receipts, 968 
Cells, dry, see Dry cells 
Cells, electrical, 708, 721 
Center, of a circle, to find, 122 
Centigram, equivalents, 243 
Centiliter, equivalents, 243 
Centimeter, 
cubic, 242 
square, 242 
Cement, 

Portland, defined, 290 
quantities per cubic yard of con¬ 
crete, 297 

Cement-water ratios for concrete, 
tables, 291, 292 
Chain, 

measure of length, equivalents, 232 
Change gears, of lathe, 563 
Characteristic 

and mantissa, of logarithms, 62 
of numbers, 89 

Characters to pica, printing, table, 
826 

Chimneys, construction and design 
of, 306 

Chord, of circle, defined, 118 
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Circle, circles, 
area of, 119 
area of, table, 504-507 
circumference of, table, 504-507 
generating, of cycloid, 135 
geometric, defined, 114 
properties and parts of, 118 
to draw between two enclosed 
lines, 132 

to draw tangents to, 133 
to draw through three given 
points, 132 

to draw to touch periphery of 2 
given circles, 133 
to find the center of, 132 
Circuits, electrical, see Electrical 
circuits 

Circuit breakers, 723 
Circular inch, defined, 233 
Circular mil, defined, 233 
wire measure, 767 

Circumference, of circle, defined, 118 
Cisterns, cylindrical, capacities of, 
table, 674 

rectangular table, 676 
Clay, safe bearing capacity of, 284 
Compound or denominate num¬ 
bers, 23, 25 
Commission, 887-893 
Coefficients of deflection, table, 217 
Compound machines, 738 
Computing machines, 5 
Concrete, 

aggregates, defined, 290 
curing of, 299 
defined, 290 

floors and ceilings, coefficient of 
heat transmission of, 475, 476 
mixer, to load and operate, J198 
mixing, 297, 298 
placing m forms, 300 
proportioning by trial-batch 
method, 293 

quantities of aggregates per cubic 
yard, 296 

quantities of cement per cubic 
yard, 297 


Concrete—Cont’d 
selecting proper consistency, 296 
strength of, 290 

water-cement ratios, table, 291,292 
weight of, 287 
Conductors, 687 
Conduit, sizes of, table, 627 
Cone, cones, 
development, 647 
frustum of, properties, 124 
frustum of, surface area of, 125 
frustum of, volume, 124 
geometric, defined, 125 
properties of, 124 
sheet metal, development of, 641 
surface area of, 124 
tmneated, sheet metal, develop¬ 
ment of, 648 
volume of, 124 
Conic sections, 125, 126 
Construction of geometric figures, 
126-138 

Conversion, electrical, 766 
Cosecants, trigonometric, defined. 141 
Cosines, logarithmic, tables, 167-194 
natural, tables, 145-167 
trigonometric, defined, 141 
Cost, defined, 886 
estimating, 885, 886 
manufacturing, 884 
Cotangents, logarithmic, tables, 167- 
194 

natural, tables, 145-167 
trigonometric, defined, 141 
Cover paper, 833 
weight of, tables, 832-834 
Credit, defined, 961 
Creditor, defined, 964 
Crest, of screw thread, 445 
Cube, cubes, 
development, 641 
geometric, defined, 115 
of numbers 1 to 1600, table, 28-40 
to find with slide rule, 89-91 
Cube roots 

of numbers 1 to 1600, table, 28-40 
of numbers 1600 to 1^0, table, 40 
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Cubic foot, equivalents, 234, 253 
Cubic inch, equivalents, 234, 253 
Cubic yard, equivalents, 234 
Currents, motor, full load, table, 
784-785 

Cut, machine, power required for, 
time of making, 522 
Cutting speed of machine tools, 
table, 518, 521 
Cutting tools, 515 
Cycles, alternating current, 753 
Cycloids, construction of, 135, 136 
defined, 135 
to draw, 135, 136 
Cylinder, cylinders, 
development, 643 
geometric, defined, 116 
properties of, 122 
surface area of, 122 
volume of, 122 

D.C. see Direct current 
Debit, defined, 963 
Debtor, defined, 964 
Decagon, defined, 114 
Decagram, equivalents, 243 
Decaliter, equivalents, 243 
Decameter, equivalents, 242 
Decigram, equivalents, 243 
Deciliter, equivalents, 243 
Decimals, 18 

addition and subtraction of, 20 
division of, 21 

equivalents of common fractions, 
table, 19 

multiplication of, 20 
Decimeter, cubic, table of, 242 
square, table of, 242 
Deflection of steel beams, 218 
Degrees, 
circular, 116 

circular measure, table, 239 
Denominator, defined, 15 
Density, magnetic, 727 
Depreciation defined, 927 
calculations, 928 
Diameter, of circle, defined, 115 


Direct current generators, principles 
of, 731 

Discount, defined, 849 
bank, 868 
chain, 850 

chain calculations, 851 
chain, decimal equivalent table, 
852 

Displacement, piston, 636 
Dividend, divisor, defined, 13 
Division, 
arithmetical, 13 
of algebraic quantities, 96 
with slide rule, 87, 88 
Door openings, to frame around, 257 
Dovetail, 612 
Drachm, 

apothecaries’, 236 
avoirdupois, 235 
Drainage plumbing, 
capacity of soil stacks, 453 
fixture units, 452 
Drains, 

minimum sizes, 454 
vertical and horizontal, capacities, 
453 

Drier, liquid, for paint, 374 
Drill press, power required for, 
table, 524 

Drills, twist, sizes of, table, 559 
Dry cells, 708 
current from, 712 
in parallel, 710 
in parallel-series, 711 
in series, 709 
Dynamos, 

classification of, 735-738 
defined, 730 
losses, 744 
Dynamometer, 633 

Earthwork, 

estimating quantity of material, 
268-281 

level sections, tables, 273-276 
right-of-way, estimating volume, 
272 
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Efficiency of automobile engine, 
mechanical, 634 
thermal, 634 
Electrical 
cells, 708-721 
circuits, 680-686 
parallel connections, 682 
series connections, 680 
series-parallel connections. 684 
horsepower, 698 

measuring instruments, 691-69S 
power, 698 
calculations, 700 
resistance, 691 
symbols, illustrated, 787 
wiring, 767-791 
work and power, 697-708 
work, defined, 699 
Electricity, 
defined, 678 
line drop, 685 

measuring instruments, 688-696 
units of, 679 

Electrolyte, storage battery, specific 
gravity of, 625 
Electromagnets, 721-730 
defined, 723 

magnetization of, table, 731 
traction of, table, 731 
Electromagnetic induction, 731 
Ellipse, 
area of, 126 
circumference of, 126 
construction of, 134 
defined, 125 
properties of, 126 
to draw, 134 
Em, type measure, 826 
Emf, defined, 679 
Ems to square inch, table of, 
831 

En, type measure, 826 
Enamel, 

how to apply, 388 
spreading rate of, table, 376 


Epicycloid, 
construction of, 136 
defined, 135 
to draw, 13G 
Equations, quadratic, 
defined, 107 
solution of, 107 111 
Equations, simple, solution of, 103 
Equations. sir:uiltaneous sirni.ic, 
soluMon of, 104-106 
Equilateral triangle, defined, 116 
Excavation, 

borrow pit, estimating volume of, 
278 

estimating quantity of excavated 
material, 268 

right-of-way, estimating volume, 
272 

Expansion, of pipe, 
coefficients, table, 416 
bow to calculate, 416 
Expansion loops, 
for pipes, diagram, 415 
Exponents, 25 
Exponents, algebraic, 100 
Exposure and temperature factors, 
table, 484 


Factor, factors, 98 
Factor of safety, 200 
Factoring, 98 

Fathom, measure of length, 232 
Field intensity, magnetic, 725 
Field, magnetic, defined, 722 
Finishing, machine, by grinding, 613 
Fireplaces, 
design of, 303-305 
flue sizes for, table, 309 
Fit, 

pressed, 616 
running, 616 
shrinking, 617 
wringing, 616 

Fittings, pipe, see Pipe fittings 
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Fixtures, plumbing, sizes of water- 
supply pipes for, 409 
Floor joists, 328-330 
Flooring, 
how to lay, 350 

to estimate amount required, 350 
Flux density, magnetic, table 729 
Flux, magnetic, 724 
Foot, feet, 
board, 321 

cubic, equivalents, 234 
to inches, yards and gallons, 
table of factors, 253 
equivalents, table, 253 
linear, to yards and miles, table 
of factors, 253 
square, equivalents, 233 
to inches and yards, table of 
factors, 253 
Footings, 

types of, illus., 282 
Force, 
defined, 697 
magnetomotive, 724 
Forces, composition of, 198 
graphical representation of, 198 
parallelogram of , 199 
resolution of, 198 

Foreign exchange, tables of, 237, 
931 

defined, 929 
method of quoting, 834 
Formulas, quadratic, 110 
Foundations, 

bearing pressure, to compute, 284 
dwelling, 284 
heavy, 284 
laying out, 268 
pile, 288, 289 
Fractions, 

addition and subtraction of, 16 
cancellation of, 17 
changing common into decimal, 
18 

changing decimal into common, 
21 

common, 15 


Fractions—^^Cont’d 
decimal, 18 

extracting square root of, 27 
multiplication and division of, 17 
reduction of, 15 
Frame constniction, 
coefficients of heat transmission 
of, 473-475 
Framing, house, 325 
Freight, shipments, 948 
Frequency, alternating current, 604 
Frustum, defined, 117 
of cone, properties of, 124, 648 
of cone, surface area of, 125 
of cone, volume of, 124 
of pyramid, properties of, 123, 
650 

of pyramid, surface area of, 124 
of pyramid, volume, 124 
Fulcrum, defined, 205 
Functions, trigonometric, see Trig¬ 
onometric functions 
Furlong, 

measure of length, equivalents^ 
232 


Gage, wire, table of, 671 
Gallon, 

British, equivalents, 235 
liquid measure, equivalents, 235 
253 

Gashing angle of wheel, 611 
Gear cutter, 

power required for, table, 524 
Gears, 

bevel, characteristics of 604 
described, 595 
change, of lathe, 563 
depth of spaces in, table, 603 
involute, 598 
reduction, 622 

size of cutter for, table, 603 
speeds of, 619 

spur, characteristics of, 590 
described, 595 
tooth curves of, 598 
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Gears—Cont’d 
worm, characteristics of, 608 
described, 596 
Gearing, of lathe, 
compound, 563 
simple, 563 
General journal, 963 
General ledger, 962-969 
Generators, 730-751 
alternating current, principles of, 
732 

defined, 731 

direct current, principles of. 733 
efficiency of, 745 
shunt, principles of, 740 
Geometric figures, 
construction of, 126-138 
described, 116-119 
Geometry, defined. 115 
Gill, 

U. S. measure, equivalents, 235 
Grain, grains, 
and grams, defined, 231 
avoirdupois, 235 
troy, 236 
Gram, grams, 
and grains, defined, 231 
Gravel, 

safe bearing capacity, 284 
Greatest common divisor, 15 
Grinder, 

power required for, table, 524 
Grinding, machine, 613 
Grinding wheel, speed of, 614, 615 
Gross, 

equivalent measure, 240 
great, equivalent measure, 240 
Gutter strips table, 669 
Gypsum block, weight of, 287 

Hand, 

measure of length, 232 
Hangers, pipe, types of, 414 
Hardpan, 

safe bearing capacity, 284 
Heat, 

and power equivalents, 244 


Heat—Cont’d 

and temperature, defined, 460 
coefficients of transmission of con¬ 
crete floors and ceilings, 476, 
477 

coefficients of transmission of 
frame construction, 473-475 
coefficients of transmission of nia- 
soniy partitions, 474 
coefficients of transmission of nia- 
sonry walls, 471, 472 
coeflficients of transmission of 
various typos of roofs, 478, 
479 

effect of on fluids, 460 
transfer of by conduction, 461 
transfer of by convection, 461 
transfer of by radiation, 461 
Heating, 

amount of radiator area required, 
464 

conversion factors, table, 485 
desirable inside temperatures, 463 
determining size of warm air 
furnace, 503 

effect of temperature, wind and 
exposure, 463 

estimating radiation requirements, 
468 

estimating radiation, table, 483 
infiltration through doors and win¬ 
dows, 481 

pipe sizes for hot water system, 
490 

pipe sizes for steam system, 487 
radiator transmission factors, 486 
requirements, estimating, 462 
size of boiler, 495 
surface of standard pipe, 467 
systems, orifice sizes, 500 
temperature and exposure factors 
table, 484 

warm air systems, design of, 501 
Hectare, 

metric measure, 242 
table of equivalents, 254 
Hectogram, equivalents, 243 
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Hectoliter, equivalents, 243, 254 
Hectometer, equivalents, 242 
Helix, angle of, 560 
angle of, screw thread, 558 
lead of, 546 
Heptagon, defined, 117 
Hexagon, 
defined, 117 

to draw within a given circle, 131 
Hogshead, liquid measure, equiva¬ 
lents, 235 
Hooke's Law, 196 
Horsepower, 
brake, 631 
electrical, 702 
indicated, 630 
of gasoline engine, 629 
rating, S.A.E,, 629 
to convert to watts, factors, 191 
Hot water heating, 
pipe sizes, 490 
Hot water supply, 
capacities of apparatus required, 
445 

dimensions of storage tank, table, 
444 

House framing, 325 
Hundredweight, avoirdupois, 236 
Hyperbola, 
defined, 112 
Hypocyloid, 

construction of, 136, 137 
defined, 135 
to draw, 136, 137 
Hypothesis, defined, 8 


Impedance, alternating current, 759 
Inch, inches, 
circular, defined, 233 
cubic, equivalents, 234 
to millimeters, 248 
equivalents, table, 248 
square, equivalents, 245 
to feet and yards, table of fac¬ 
tors, 254 

standard, defined, 231 


Inch, inches—Cont'd 
to feet, yards and miles, table of 
factors, 253 
Inclined plane, 212 
Indexing, 
angular, 569 
differential, 567 
simple, 564 

Indicated horsepower, 630 
Inductance, alternating current, 
757 

Induction, electromagnetic, 731 
Infiltration of cold through doors 
and windows, table, 401 
Insulators, 687 
Insurance, 900-911 
fire, 906 
Hfe, 902 

Interest, compound, 873 
table of, 876 
exact, 871 
simple, 853 
legal rates, 859 
table of, 857 

Interest period, determining length 
of, tabic, 860 
United States rule, 863 
Invoice, defined, 845 
calculations, 846 
Involute, 

construction of, 137 
defined, 137 
to draw, 137, 138 
Involute gears, 595 
Iron, weight per foot, to find, 263 
Iron plate, sizes of, table, 671 
Iron roofing, corrugated, sizes of 
table, 663 

Isosceles triangle, defined, 116 


Jamo taper, 527 
Joints, 

pipe, how made, 421 
sheet metal, typed of, 662 
Joists, floor, 328-330 
Journal, general, 968 
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Kilogram, equivalents, 243, 255 
Kiloliter, equivalents, 243, 255 
Kilometer, 
equivalents, 242, 254 
square, table of equivalents, 246 
Kilowatt, 703 
Kilowatt-hour, 704 
Knot, measure of length, 232 

Land measure, table, 232 
Lath, 

expanded metal, described, 359, 
364, 365 
how sold, 362 
recommended weights, 362 
to estimate amount required, 
360 

uses of, 359 

metal, advantageous positions, 
diagram, 361 
described, 359 
how attached, 359 
lacing and staples required, 
table, 360 

nails, amount required, 358 
wire, how sold, 362 
to estimate amount required, 
362 

wire mesh, described, 361 
wood, amount required, 359 
described, 359 
how spaced, 359 
Lathe 

power required for, table, 524 
Latitude, 

degrees of, length, table, 239 
Law of the magnetic circuit, 727 
Lead, 

of helix, 464 
of milling machine, 588 
of screw threads, 546 
League, measure of length, equiv¬ 
alents, 232 

Least common multiple, 16 
Ledger, 

accounts receivable, 981 
general, 963,981 


Length, 

measures of, table, 232 
units of, defined, 231 
Level sections, 
earthwork, tables, 273-276 
LevGi .levers 
defined, 205 
law of the, 206 
Lime, hydrated, 367 
Line drop, 085 
Lines 

and angles, geometric definitions. 
112-116 

of force, magnetic defined, 722 
parallel, to draw, 128 
Link, measure of length, equiva¬ 
lents, 232 

Liquid measure, table of equiva¬ 
lents, 235 

Liter, equivalents, 243, 254 
Loads, floor-, for buildings, to esti¬ 
mate, 288 

Logarithm, logarithms, 

(anti-), defined, 64 
(anti), to find, 64 
application of, 4 
common, 62 
common, table, 66-83 
defined, 62 
division with, 64 

extracting roots of numbers with, 
65 

multiplication with, 64 
Naperian or natural, 62 
Naperian, table, 66-83 
of numbers, to find, 63 
raising of numbers to powers 
with, 65 

Long measure, table, 248 
Loops, 

for pipe expansion, diagram, 415 
Lumber, 
weights of, 286 

Machines, compound, 742 
defined, 205 ^ 

Machine grinding, 491 
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Magnetic 

circuit, law of the, 727 
density, 727 
field, defined, 722 
field intensity, 725 
flux, 724 

flux density, table, 729 
lines of force, defined, 722 
permeability, 722-727 
permeability, table of, 729 
reluctance, 727 
Magnetism, 724 

Magnetization by electric current, 
721 

Magnetomotive force, 724 
Mantissa and characteristic, of log¬ 
arithms, 39 
Margin, 917 

Masonry walls, coefficients of heat 
transmission of, 391, 392 
Mass, defined, 231 
Measure, measures, 

British Imperial, dry, 234 
circular, table of, 239 
dry, table of, 234 
liquid, table of equivalents, 235 
metric, table of equivalents, 185 
cubic or solid, table, 234 
lineal, table, 232 
liquid table of, 235 
square, table of equivalents, 253 
square, table, 233 
of land, table, 232 
of pressure, 245 
of type, 823 
shipping, 234 
square, table of, 233 
table of factors for converting, 
263 

time, table of, 238 
U. S. dry, table of equivalents, 
263 

value, 236 
weight, 235 
Measuring 

instruments, of electricity, 688-696 
with calipers, 508 


M ensuring—Cont^d 
with micrometer calipers, 511 
with vernier calipers, 512 
Mechanical 
advantage, 215 

efficiency of automobile engine, 
634 

power of motor, 749 
Mechanics, 
definitions, 195, 196 
Mensuration, geometric, 118 
Meter, meters, 
defined, 241 
equivalents, 245 
Metric measure, 
cubic or solid, tables, 242 
lineal, table, 242 
liquid and dry, table of, 243 
square, tables of, 242 
table of equivalents, 254 
Metric system, explained, 241 
Metric weight, 

reduced to avoirdupois, table, 247 
table of, 247 

Micrometer calipers, described, 511 
use of, 512 
Mil, 

circular, defined, 233 
measure of length, 232 
Mile, miles, 

measure of length equivalents, 232 
nautical, 232 
square, equivalents, 233 
to inches, feet and yards, table of 
factors, 253 

Mil-foot, wire measure, 767 
Milligram, equivalents, 243 
Milliliter, equivalents, 243 
Millimeter, equivalents, 254 
Milling, 564 
Milling machine, 
lead of, 588 

Universal, power required for 
table, 524 
Milling, spiral, 569 
Minim, 

liquid measure, equivalents, 235 
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Minuend, defined, 12 
Minutes, 
circular, 239 

Modulus of elasticity, 197 
Moment of inertia, 216 
Money, 

English, table of, 237, 933 
French, table of, 237 
traveler’s, 937 
U. S., units of, 236, 932 
Monomial, monomials, defined, 95 
Morse taper, 526 
Mortar, 

for brickwork, proportions, 306, 
307 

quantities for footings, piers and 
chimneys, table, 309 
quantities for solid walls, table, 
310 

quantities of materials required 
in, table, 310, 311 
Motor, motors, 
alternating current, 766 
counter electromotive force of, 
746 

current required by, 758 
currents, full load, table, 784-785 
defined, 730 
efficiency of, 749 
mechanical power of, 748 
output of, 749 
principle of, 734 
wiring, 773 

Multiplicand, multiplier, 13 
Multiplication, 
arithmetical, 13 
of algebraic quantities, 95 
with slide rule, 86, 87 
Myriameter, 
equivalents, 242 


Nails, kinds and quantities required, 
table, 354-358 
Nautical mile, 232 
Nonagon, defined, 117 
Notes, promissory, 861-871 


Numbers, 
abstract^ 3 
concrete, 8 
Numerator, defined, 

Octaf^ defined, 117 

Offsets, for taper tTirning, table, 528 

Ohm, defined, 678 

Olimmetcv, 694 

Ohm’s Law. 679 

for alternating (varrent circuits, 761 
Oil oils, used in paint, 374 
Orifices, 

sizes for heating systems, 500 
Ounce, ounces, 
apothecaries’, 235 
avoirdupois, 235 ' 

avoirdupois, to pounds and tons, 
table of factors, 253 
troy, 236 

Paint, 

composition of, 373 
estimating quantity required, 375- 
377 

how to apply, 382-391 
interior flat-finish, proportions for 
mixing, 377 

lead zinc, proportions for mixing, 
377 

ready-mixed, to prepare foruse,375 
spreading rates of, table, 376 
uses of, 373 

white lead, proportions for mix¬ 
ing, 377 
Painting, 

how to prepare brick and con¬ 
crete for, 380 

how to prepare metal surfaces for, 
382 

how to prepare plastered surfaces 
for, 380 

how to prepare wood surfaces for, 
379 

selection and care of brushes, 
383-385 . 
spray, uses of, 390 
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Palm, 

measure of length, 232 
Paper, allowance for spoilage, 839 
table, 840 
book, 831 
cover, 833 

cover, weight of, tables, 832, 834 
estimating quantity of, 840 
hanging, 391 
selection of, 837 
weight of, tables, 832, 834 
writing, 835 
weight of, table, 835 
Parabola, defined, 126 
Parallel lines, to draw, 128-129 
Parallelogram, defined, 116 
Paralleloi5iped, defined, 117 
Parentheses, algebraic, 93 
Partial payments, 862 
Partitions, masonry, coefficients of 
heat transmission of, 474 
Parts, aliquot, 848 
Payments, partial, 862 
Payrolls, 893-900 
Peck, 

U. S. measure, equivalents, 234 
Pennyweight, troy, 236 
Pentagon, defined, 117 
Percentage, 61 
of profit, 880 
Perch, 

measure of length, equivalents, 
234 

Permeability, magnetic, 722-727 
Perpendicular, 
to draw, 127-128 
Personal finance, 860 
Phase and polyphase, alternating 
current, 755 
Photometer, 694 

Pi (Ji), 

circular measure, 115 
Pica, characters to, table, 827 
type measure, 824 
Pigment in paint, 373 
Piles, safe bearing capacities of, 
289 


Pint, 

U. S. measure, equivalents, 235 
Pipe, pipes, 

American standard 126-lb cast- 
iron fianges, dimensions, 438 
brass, where used, 420 
cast-iron, standard curves, 423 
standard dimensions of, 421 
standard thickness and weights 
of, 422 

where used, 419 

coefficients of expansion, table, 
416 

copper, where used, 420 
diagonal, measuring, factors, 443 
dimensions of cast-iron screwed 
fittings, 428-429 

of malleable iron screwed fit¬ 
tings, 433 

of 125-lb cast-iron reducing tees, 
430-431 

of reducers and increasers, 
425 

of standard cast-iron caps and 
plugs, 427 

dimensions of standard cast- 
iron sleeve and off-sets, 426 
of standard crosses, tee 
branches, Y-branches and 
blow-off branches, 424 
equivalent sizes, table, 410 
expansion of, to compute, 416 
extra strong and double extra 
strong, table of sizes, 419 
fittings, screwed, 428 
welded, 429 
hangers, types of, 414 
joints, how made, 421 
liquid measure, equivalents, 285 
measuring, 439 

sizes for hot water systems, 490 
for steam-heating systems, 487 
of non-ferrous pipes equivalent 
to wrought-iron pipe, table, 
411 

of water-supply, for fixtures, 
409 
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Pipe, pipes—Cont^d 
standard, heating surface of, 467 
standard special castings for 
water, 425 

supports, types of, 415 • 
threads, per inch, table, 554 
threads, standard, 427 
to determine size needed for 
water supply, 408 
vent, sizes required, 452 
where used, 452 

water-supply service, sizes, table, 
403 

wrought, standard, table of sizes 
and weights, 428 

wrought-iron couplings, dimen¬ 
sions of, 434 

flanged unions, dimensions, 436 
screwed unions, dimensions of, 
435 

Piping, 

exposed, symbols for, 413 
Piston displacement, 636 
Pitch, 

of roof, defined, 335 
of screw threads, 546 
Plane, 

geometric definition, 116 
inclined, 211 
Planer, 

power required for, table, 524 
Planimeter, 
described, 281 
how to use, 283 
Planing, 612 
Plaster, 

brown coat, to estimate propor¬ 
tions, 369 

finish coat, sand, 369 
finish coat, textured, 369 
finish coat, white, smooth, 369 
scratch coat, 367, 368 
scratch coat, to estimate ingre¬ 
dients, 367 

thickness recommended. 370 
weights of, 287 
Plastering, described, 366 


Plumbing, 

drainagq, fixture units, 449 
fixtures, roughing in of, diagrams, 
453-456 

fixtures, symbols for, 412 
sandiuy, defined, 397 
tools, illustrated, 420 
Point, 

geonjetric definition, 112 
type measure, 824 
Polygon, 

area of, table, 121, 651 
defined, 115 

to inscribe in a circle, 131 
Polynomial, defined, 95 
Postal information, P38-948 
Posting, 974 
Pound, 

avoirdupois, 235 
defined, 231 

to ounces, hundredweight, tons, 
and cu. in. of water, table of 
factors, 253 
troy, defined, 231 
troy, tabic, 236 
Power, defined, 698 
electrical, 696-708 
calculations, 705 
defined, 698 

Power factor, alternating current, 
756 

Powers, 25 

Powers and exponents, algebraic, 
100 

Pratt and Whitney taper, 527 
Price emit, defined, 846 
fixing, 880-884 
Printing, 

ems to square inch, table, 831 
words to square inch, table, 831 
Prism, 

development, 642 
geometric, defined, T18 
properties of, 123 
surface area of, 123 
volume of, ^23 
Problem, defined, 8 
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Properties of various sections, 
table, 219-226 

Profit and loss, 878, 879, 966 
Promissory notes, 861-871 
Prony brake, 631 
Proportion and ratio, 45 
compound, 49 
inverse, 47 
Protractor, 
described, 129 
to construct, 129, 130 
Pulleys, defined, 209 
differential, 211 
rule for, 210 
speed of, 47 
train, 48 

Puncheon, liquid measure, equiva¬ 
lents, 235 

Purchase register, 975 
Pyramid, 
development, 645 
frustum of, properties, 123 
frustum of, surface area, 124 
frustum of, volume, 124 
geometric, defined, 117 
properties of, 122 
surface area of, 123 
volume of, 122 


Quad, type measure, 826 
Quadrangle, defined, 117 
Quadratic equations, 
defined, 107 
solution of, 107-111 
Quadratic formula, 110 
Quadrilaterals, 
area of, 120 
defined, 115 
properties of, 120 
Quart, 

British, equivalents, 235 
U. S. measure, equivalents, 235 
Quarter, 

avoirdupois weight, 236 
Quintal, 

avoirdupois. 236 


Quire, equivalents, 241 
Quotient, defined, 13 


Radiation, 

estimating, table, 483 
requirements, estimating, 468 
Radiators, 
ratings, 464 
sizes required, 464 
transmission factors, 486 
wall units, ratings, 467 
Radio, 792-822 
Radius, 

of circle, defined, 115 
of moulding bend, to determine, 
353 

of gyration, 216 
Rafters, hip, 339-341 
of roof, to calculate length of, 
335 

valley, 339 
Ratio 

and proportion, 45 
Ream, equivalents, 241 
Rear axle ratios, 621 
Receipts, cash, 968 
Reciprocals, 50 

table 3, numbers 1 to 2000, 51-60 
Rectangle, defined, 115 
Reduction, gear, 622 
Register, 
purchase, 075 
repair shop, 983 
sales, 978 

Reluctance, magnetic, 727 
Repair shop register, 983 
Repose, angle of, 271 
Requisition, 984 

Resistance, alternating current, 758 
electrical, 691 
of wires, to calculate, 618 
Rhomboid, defined, 114 
Rhombus, defined, 114 
Rise, 

of roof, defined, 334 
of stair, 342 
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safe bearing capacity, 284 

Rod, 

measure of length, 232 
square, 233 
Roofs, 

coefficients of heat transmission 
of, 478, 479 
flat, 335-336 
framing of, 334-342 
gable, 337 
gambrel, 341, 342 
hip, 339, 340 
to estimate area of, 351 
Roofing, 

corrugated iron, sizes of, table, 
664 

tin, 665-667 

to estimate amount required, 663 
Root index,'26 
Roots, 26 
algebraic, 100, 101 
orf numbers, by logarithms, 65 
of numbers 1600 to 1860, table, 40 
of screw thread, 546 
square and cube of numbers 1 to 
1600, table, 28-40 
to find with slide rule, 89-91 
Run, 

of roof, defined, 334 
of stair, 342 

S.A.E. horsepower rating, 511 
Sales, register, 978, 979 
Sand, 

safe bearing capacity, 284 
Scalene triangle, 
defined, 116 
Score, 

equivalents, 240 
Screw, screws, 

in mechanics, formulas for, 214, 
215 

Screw threads. 

Acme, 553 

American national, 546-550 
American national pipe, 554 
angle of helix, 558 


Screw threadi^Cont'd 
Briggs, 554 

coarse series, table, 549 
crest of, defined, 546 
cutting on lathe, 560-563 
cutting with taps and tap drills. 
558 

depth of, 646 

described, 546 

fine scries, table, 550 

lead of, 546 

measuring of, 555 

measuring, 3-wire niethod, 556 

outside diameter of, 546 

pipe, 554 

pitch of, 546 

pitch diameter of, 546, 556 
root of, defined, 546 
root diameter of, 546 
square, 553 

standard sharp V, 547 
Whitworth, 552 
Scruple, 

apothecaries\ 236 

Secants, trigonometric, defined, 141 
Seconds, 
circular, 120 

circular measure, table, 239 
Secondary cells (storage cells), 624 
Section, sections, 
conic, 125, 126 
measure of land, 233 
modulus, 216 
Sector, 

of circle, defined, 115 
Segment, 

of circle, defined, 115 
of solid, defined, 116 
of sphere, volume of, 117 
Sellers and Pipe taper, 527 
Shaper, 

power required for, table, 524 
Shaping, 612 

Sheathing, to estimate amount re¬ 
quired, 347-349 

Sheet iron, gagd' sizes of, table, 672 
weight, table, 672 



1006 


INDEX 


Sheet metal, joints, types of, 662 
problems, 652<660 
Shellac 

spreading rate of, table, 376 
Shingles, 
how sold, 353 

stain for, spreading rate of, table, 
375 

to estimate amount required, 
354 

Shunt generators, principles of, 
740 

Siding, 

to estimate amount required, 349, 
350 

Signs, mathematical, 8 
Sills, 

house, 325 
Sine, sines, 

logarithmic, tables, 167-194 
natural, tables, 145-167 
trigonometric, defined, 141 
Slide rule, 84-92 
applications of, 86, 87 
described, 84, 85 

finding squares, cubes and roots 
with, 89-91 

how to divide with, 87 
how to multiply with, 86 
Soil, 

safe bearing capacity, 284 
Soil stacks, 
capacities of, 453 
Solenoids, 722 
Solid, 

geometric definition, 117 
Space measure, printing, 825 
Span, 

measure of length, 232 
of roof, defined, 334 
Specific gravity, defined, 255 
table of, 257-260 

Speed, cutting, of machine tools, 517 
table, 621 

engine, relation to vehicle, 622 
of revolution, table, 518 
of pulleys and gears, 47 


Sphere, 

geometric, defined, 117, 652 
properties of, 123 
surface area of, 123 
volume of, 123 
volume of segment of, 123 
Spiral, 

construction of, 137, 138 
Spiral milling, 569 
table, 570-587 
Springs, automobile, 
determining safe carrying capac> 
ity, 639, 640 
types of, 638 

Spur gears, characteristics of, 599 
described, 599 
Square 

foot, equivalents, 233 
geometric, defined, 117 
inch, equivalents, 233 
measure, table of, 233 
mile, equivalents, 233 
rod, equivalents, 233 
root, 26 

root of numbers 1 to 1600, table, 
28-40 

root of numbers 1600 to 1860, 
table, 40 

surface measure, defined, 347 
to draw inside a given circle, 131 
to draw outside a given circle, 131 
yard, equivalents, 233 
Squares, 

of numbers 1 to 1600, table, 28-40 
of numbers 1600 to 1810, table, 
40 

to find with slide rule, 89-91 
Stairway, 

construction, 342-346 
details, diagrams, 343, 344 
to calculate number of steps, 345 
Steam heating, pipe sizes, 490 
Steel, 

areas of round, square and hexag¬ 
onal, table, 264-266 
high carbon, 516 
high speed, 516 
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Steel—Cont’d 

round, square and hexagonal, 
weights and areas of, table, 
264-266 

structural, weight of, 212 
weights of round, square and 
hexagonal, table, 264-266 
Stere, equivalents, 185, 186, 188 
Stock, defined, 911 
transfer tax, 913 
yield, 915 
Stone, 

building, weights of, 287 
Storage battery, charging, 628 
electrolyte, specific gravity of, 
625 

rating of, 627 
voltage of, 628 
Strength of materials, 
average ultimate strength, 201 
symbols and formulas, 201 
Stress, 195, 196 
Structures, 

to calculate weights of, 286-288 
Stucco, 

estimating proportions, 371 
estimating quantities required, 
371, 372 

how applied, 371 
Studding 

in house building, 330 
to estimate, 330 
Studs, 330 

to estimate number required, 330 
Subtraction, 
arithmetical, 12 
Subtrahend, defined, 12 
Supports, 
for pipes, 415 
Surd, defined, 95 
Surface, 

geometric definition, 114 
Surveyors^ measure, 232, 233 
Symbols, 
algebraic, 93 
electrical, illustrated, 787 
exposed piping, 413 


Symbols—Cont’d 
mathematical, 8 
plumbing fixture, 412 


Tange i.fes, 

logarithmic, tables, 167-194 
natural, table, 145-167 
to circle, to draw, 134 
trigonometric, defined, 141 
Tanks, cylindrical, capacities of, 
table, 399 

hydropneuinatic, capacities of, 
table, 401 

hydropneumatic, standard siises 
of, table, 401 

hydropneumatic, to calculate ca¬ 
pacity of, 402 
Taper, amount of, 525 
angle, 531 

Brown and Sharpe, 527 
calculations, 527, 528 
defined, 525 
Jarno, 527 

measuring with sine bar, 532, 
533 

Morse, 526 

Pratt and Whitney, 527 
Sellers and Pipe, 527 
standard, 526 
testing, 544 

turning on lathe, 528-529 
turning on lathe, offsets, 528 
Tap drills, 

diameter of, table, 559 
sizes of, table, 560 
use in cutting screw threads, 558 
Taps, 

water supply, standard sizes, 323 
Taxes, 951-%1 
defined, 951 
direct, 952 
federal, 956 
property, 953 
sales, 91^ 
state, 958 
surtax, 957 
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Temperature 

and exposure factors, table, 404 
and heat, defined, 380 
desirable inside, 383 
Theorem, defined, 8 
Thermal efficiency of automobile 
engine, 634 

Thinner for paint, 299 
Threads, pipe, per inch, table, 451 
standard, 347 

Threads, screw, see Screw threads 
Tierce, 

liquid measure, equivalents, 235 
Tile, weights of, 212 
Time, units of, table, 238 
Tin roofing, 663 

Tin, sheet, sizes and weights of, 
table, 668 

Ton, 

avoirdupois, to ounces and pounds, 
table of factors, 253 
long, avoirdupois, 235 
metric, 243 

short, avoirdupois, 235 
Tool bit, 516 
Tool holder, 516 
Tools, 

cutting speed of, table, 521 
metal cutting, 515 
Tooth curves of gears, 470 
Transformers, 762 
Transmission ratios, 503 
Trapezium, defined, 121 
Trapezoid, defined, 120 
Traps, 

drain, minimum sizes, 403 
Triangle, triangles, 
area of, 119 

geometric, definitions, 116, 117 
properties of, 119 
right-angled, solution of, table, 191 
solution of, trigonometric, 140, 
191-194 
to draw, 130 

Trigonometric functions, 139-194 
in the four quadrants, 143, 144 
logarithmic, tables, 167-194 


Trigonometric functions—Cont’d 
natural, tables, 145-167 
natural and logarithmic, explana¬ 
tion of tables, 143, 144 
Trigonometry, defined, 139 
Trim, interior woodwork, 355 
Trinomial, defined, 95 
Troy, 

pound, defined, 231 
weight, table of equivalents, 236 
Tun, 

liquid measure, equivalents, 235 
Twist drills, sizes of, table, 559 
Type, 

measure, 823 
sizes, illustrated, 824 
sizes, table, 823 
space, estimating, 826 
space measure, 825 

Units, electrical, 679 
Universal milling machine, power 
required for, table, 524 

Valve Timing, 636 
Varnish, 

how to apply, 388 
spreading rate of, table, 376 
Vent pipes, 

plumbing, where used, 452 
sizes required, 452 
Vernier calipers, 
bevel protractor, 513, 514 
described, 511 
use of, 512 

Vertex, of pyramid, defined, 116 
Volt, defined, 679 
Voltmeter, 688 

m 

Wall openings, 
to frame around, 332 
Walls, brick, weight of, 312 
frame, coefficients of heat trans¬ 
mission of, 473-475 
masonry, coefficients of heat trans¬ 
mission of, 471-472 
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Wall paper, 
calculations, 301, 392 
rolls required, table, 394 
Warm air heating systems, 
design of, 501 

determining size of furnace, 503 
Water, 

consumption per person per day, 
398 

conversion factors, 240 
rates of supply to plumbing fix¬ 
tures, 408 
Water pressure 
and head equivalents, 406 
needed In buildings of various 
heights, 406 
Water supply 

head and pressure equivalents, 
406 

hot, capacities of apparatus re¬ 
quired, 445 

hot, dimensions of storage tank, 
443 

table, 444 

municipal, types of connections, 

402 

pipe, cast-iron, standard dimen¬ 
sions of, 421 

cast-iron, standard thickness and 
weights of, 422 

service, recommended sizes, table, 

403 

sizes recommended for plumbing 
fixtures, 407 

pressure needed in buildings of 
various heights, 404 
Water systems, 

gravity, diagram of plumbing, 398 
size of supply tank needed, 397 
hydropneumatic, diagram of 
plumbing for, 400 
Watt-hour, 704 
Watts, 

to convert to horsepower, factors, 
244 

Wedge, wedges, defined, 213 
in mechanics, formulas for, 213 


Weight, weights, 

apothecaries^, table of equivalents, 
236 

avoirdupois, table of equivalents, 
235 

defibrjd, 231 

metric, table of equivalents, 254 
of structures, how to determine, 
286-288 

of buildinp, materials, table. 287 
of materials, 262 
of steel bars, 264-266 
troy, table of, 236 
Wheatstone bridge, 692 
Wheel and axle, 208 
Wheel, grinding, speed of, 614 
615 

Whitewash, 
how to apply, 386 
proportions for mixing, 378 
spreading rate of, table, 376 
Windows, 

to frame around, 332 
gloss calculations, 395 
glass in boxes, table, 396 
Wine measure, table, 235 
Wire, 

allowable capacity of, table 
778 

electrical, finding size of, 772 
for motors, to calculate, 773 
gage, 769 

resistance of, to calculate, 768 
service, demand calculations for 
775 

sizes for branch circuits, 779 
table of above, 780-781 
table of gages, 780 
Wiring, electrical, 767-791 
estimating cost of, 788 
interior, 774 

concealed, knob and tube, 774 
flexible conduit, 775 
molding, 774 
open or exposed, 774 
rigid conduk, 774 
motor, 773 
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Words to square inch, printing, 
table, 831 

Work, 
defined, 697 
electrical, 697-708 
electrical, defined, 700 
Worm gears, characteristics of, 608 
described, 596 
Writing paper, 835 
weight of, table, 835 


Yard, 

cubic, equivalents, 234 
cubic, to inches and feet, table of 
factors, 253 
equivalents, table, 254 
square, equivalents, 254 
square, to inches and feet, table 
of factors, 253 
standard, defined, 231 
to inches, feet and miles, table oi 
factors, 253 






